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S U M M A R Y 
(i) 
Density (/) , Viscosity (,ii) , and Ultrasonic Velocity (u) 
of binary aqueous solutions of sodium and potassium thiocya-
nates as well as those of the ternary aqueous solutions of 
mixed sodium and potassium thiocyanates have been measured as 
functions of temperature, composition and ionic concentration, 
R (R is equal to the water/salt ratio) . /^Viscosity and ultra-
sonic velocity data of [x NaSCN + (l-x) KSCN] + RH2O systems 
have been recorded as functions of temperature, mole fraction 
of NaSCN, X, and R.' (The density data of these systems are 
taken from the Ph.D. thesis of Ratan Lai Gupta, 1989, Depart-
ment of Chemistry, the North-Eastern Hill University, Shill-
ong) . Density and ultrasonic velocity data have been found 
to vary linearly with temperature and mole fraction of NaSCN, 
X, where as viscosity shows deviation from additivity. Devia-
tion from additivity in the viscosity data have been found to 
Increase with increase in ionic concentration or decrease in 
the R value. It seems to be due to the mixed alkali effect, 
which is maximum when the two cations are in equal concentra-
tion. 
p 
The molar volume and the excess molar volume, V have 
essentially been evaluated from the density data. The nega-
E 
tive values of V suggest a strong cation-cation and cation-
water interactions while the positive values refer to weak 
interactions. 
The adiabatic compressibility (p ) obtained from the 
( i i ) 
u l t r a son ic v e l o c i t y data has been found to increase with 
increase in temperature and decrease with increase in con-
cen t ra t ion seemingly due to ion- ion i n t e r a c t i o n s . The excess 
ad iaba t ic compress ib i l i ty (p ) showing negative va lues , again 
re inforce the content ion of the presence of strong ion-ion 
i n t e r a c t i o n s while the pos i t i ve values ind ica te weak ion-ion 
i n t e r a c t i o n s in ternary s o l u t i o n s . 
In add i t ion , ' several o ther quan t i t i e s /pa ramete r s l ike 
II 
the molar u l t r a s o n i c v e l o c i t y (R ) , the spec i f ic acoustic 
impedence (Z) , and the wada's constant or the molar adiabat ic 
compress ib i l i ty (B) have also been evaluated. / All these para-
meters have been found to vary i n s i g n i f i c a n t l y with va r i a t i ons 
in temperature, while they vary s i g n i f i c a n t l y with va r i a t ions 
in X and R. The surface t ens ion , c r , evaluated from the 
u l t r a son ic ve loc i ty data has been found to decrease with inc-
rease in temperature and increase with increase in x and 
decrease in R va lue . 
On comparing the u l t r a s o n i c ve loc i ty data evaluated by 
employing the var ious theor ies with those obtained experimen-
t a l l y , Nomoto and Van Dael and Vangeel r e l a t i o n s are found to 
be be t t e r sui ted for explaining such behaviours in aqueous 
so lu t ions of molten e l e c t r o l y t e s as well as in the i r mixtures . 
Isothermal c o m p r e s s i b i l i t i e s (p^) of a l l the systems 
mentioned above have been computed using the var ious equations 
based on the hard-sphere models of l iqu id s t a t e . Out of these 
( i i i ) 
the T h i e l e ' s model has been found to be bes t sui ted for the 
systems under i n v e s t i g a t i o n . The in t e rna l pressure (P^) has 
been ca lcu la ted and i s found to decrease with increase in 
temperature as well as in concentra t ion ( i . e . with decrease 
in R value) which may be a t t r i b u t e d to an increase in the 
solute-water i n t e r a c t i o n s . Pseudo-Gruneisen parameter ("P^ ) 
shows dependence on temperature, x, and R. 
Flory ' s s t a t i s t i c a l theory of l i qu id s t a t e has been 
applied to these ionic systems. The reduced volume (V), the 
reduced temperature (T) , the c h a r a c t e r i s t i c volume (V ) , the 
c h a r a c t e r i s t i c temperature (T ) , and the c h a r a c t e r i s t i c p re -
ssure (p ) have been ca l cu l a t ed . These reduced and character-
i s t i c parameters have been u t i l i z e d to evaluate the excess 
volume (V ) and the v i s c o s i t y (Ji) of s o l u t i o n s . The computed 
values have been found to agree well with those of the expe-
rimental da ta , supporting the v a l i d i t y of Flory theory in 
explaining the behaviour of aqueous so lu t ions of s ingle and 
mixed molten e l e c t r o l y t e s . 
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G E N E R A L I N T R O D U C T I O N 
Physico-chemical s tud ies of molten s a l t s and thveir 
mixtures have been a subject of extensive research for the 
1-3 
l a s t several years . Recently, much i n t e r e s t has been 
shown in inves t iga t ing t h e i r i n d u s t r i a l and technological 
app l i ca t i ons . 
Measurements of dens i ty , v i s c o s i t y , surface tension, 
e l e c t r i c a l conductance and u l t r a son i c ve loc i ty help in under-
standing the molecular i n t e r a c t i o n s in molten s a l t s as well as 
in t h e i r mixtures and also in co r r e l a t i ng the i r behaviour with 
the corresponding thermodynamic p r o p e r t i e s . Since s a l t s are 
expected to behave l ike l i q u i d s in the i r molten s t a t e , the 
theor ies of l i q u i d s are applied to study t h e i r thermodynamic 
behaviour. Considerable i n t e r e s t has also been shown in study-
ing the thermodynamic behaviour of molten e l e c t r o l y t e s in 
4-7 8 9 
aqueous and non-aqueous ' media as well as in the i r cor res -
ponding mixtures 
Some of the hydrated s a l t s and the i r aqueous solut ions 
in higher concentra t ions are known to have g rea te r tendency to 
form g l a s s e s . A knowledge of t h e i r so lu te - so lven t in te rac t ions 
helps a g lass technologis t in deciding about the glass composi-
t ion for achieving g lasses with speci f ic p r o p e r t i e s . 
p The excess p roper t i e s l i k e the excess volume, v , the 
p p 
excess f ree-energy, G , and the excess v i s c o s i t y , r) , obtainable 
from the temperature and concentra t ion dependences of densi ty 
and v i scos i ty da ta , have been u t i l i z e d adequately for explaining 
2 : 
the s t r e n g t h and the na tu re of i n t e r m o l e c u l a r i n t e r a c t i o n s in 
11—14 15—19 
such systems . Severa l e m p i r i c a l r e l a t i o n s have been 
used to r e p r e s e n t the c o n c e n t r a t i o n dependence of v i s c o s i t y of 
b inary l i q u i d m i x t u r e s . The observed p o s i t i v e d e v i a t i o n s from 
the dependence of v i s c o s i t y on molfc f r a c t i o n and the presence of 
20 21 
maxima * have been a t t r i b u t e d to complex format ion while the 
nega t i ve d e v i a t i o n has been a s c r i b e d to the p resence of d i s -
p e r s i v e f o r c e s . 
The v i s c o s i t y of aqueous e l e c t r o l y t e s has been s tud ied 
s ince Ar rhen ius began h i s i n v e s t i g a t i o n s of the p r o p e r t i e s of 
e l e c t r o l y t i c s o l u t i o n s in 1 8 8 0 ' s . Three major revievjs on the 
22-24 
s u b j e c t have appeared b e s i d e s many e m p i r i c a l r e l a t i o n s 
which have been proposed for e x p l a i n i n g the behaviour of s ing le 
22 
and mixed e l e c t r o l y t e s o l u t i o n s . E i n s t e i n ' s r e l a t i o n i s 
r e s t r i c t e d to the d i l u t e range of s o l u t e c o n c e n t r a t i o n and 
consequen t ly n e g l e c t s the s o l v e n t - s o l u t e i n t e r a c t i o n . Jones 
23 
and Dole e m p i r i c a l e q u a t i o n accoun t s fo r both the s o l u t e -
s o l u t e e l e c t r o s t a t i c i n t e r a c t i o n and the s o l v e n t - s o l u t e i n t e r -
a c t i o n . 
25 According to Merker and S c o t t i t i s the d i f f e r e n c e 
between the mic roscop ic and the macroscopic v i s c o s i t i e s , 
depending upon the s o l v e n t - s o l u t e i n t e r a c t i o n , t h a t de te rmines 
the v a r i o u s v a l u e s of E i n s t e i n ' s c o n s t a n t for d i f f e r e n t s o l u t e -
s o l v e n t sys tems . Vand extended the E i n s t e i n ' s l i m i t i n g theory 
of h igher c o n c e n t r a t i o n s ix> such s o l u t i o n s . 
To deal with the viscosi ty of concentrated solutions 
24 
Suryanarayana and Venkatesan empirically formulated an 
equation and demonstrated its validity for some electrolytes. 
Efforts have been made to explain the concentration 
dependence of viscosity in aqueous solutions of molten electro-
lytes. Although the concentration dependence of viscosity has 
been investigated for many aqueous solutions of molten electro-
5 27 
lytes * as well as molten electrolytes in a mixture of aqu-
eous and non-aqueous media, the data in aqueous solutions of 
mixed electrolytes are insufficient to arrive at some definite 
conclusions in respect of the models employed for explaining 
their behaviour. This led to study the concentration dependence 
of viscosity in aqueous solutions of mixed molten electrolytes. 
The excess viscosities, T) , of systems have also been evaluated, 
F 2n 28 
The positive sign of r) has been attributed * to a very 
strong interaction between the unlike molecules while the 
p 
magnitude of T) is considered a measure of the strength of 
interaction. 
29 a 30 
Nomoto and Bhimsenchar £_t a_l. evaluated the ultra-
sonic velocity in binary liquid mixtures by using the Nomoto's 
31 
relation. Van Dael and Vangeel have applied the ideal mixing 
relation for evaluating the ultrasonic velocities in liquids. 
32 33 
Mishra and others studied the relative merits of both the 
relations for the computation of ultrasonic velocity in binary 
and ternary mixtures of liquids. Nomoto's as well as the ideal 
6 
mixing relations have been successfully applied to evaluate 
the ultrasonic velocity in mixtures of molten salts " . Th-=? 
33 
f r e e l e n g t h t h e o r y ( F . L . T ) of J a c o b s o n h a s been a p p l i e d to 
37 _ 4-, 
e v a l u a t e the u l t r a s o n i c v e l o c i t y i n b i n a r y l i q u i d m i x t u r e s 
a s w e l l a s in m o l t e n s a l t m i x t u r e s * 
47 48 Schaaafs * c o l l i s i o n f a c t o r t h e o r y h a s a l s o been 
s u c c e s s f u l l y employed to e v a l u a t e t h e u l t r a s o n i c v e l o c i t y in 
37 4 2 - 4 5 46 
b i n a r y l i q u i d m i x t u r e s * a s w e l l a s in m o l t e n m i x t u r e s 
The u l t r a s o n i c v e l o c i t y d a t a a r e employed t o e v a l u a t e 
the the rmodynamic p r o p e r t i e s i n c l u d i n g t h e c o m p r e s s i b i l i t i e s of 
34 35 46 49 3 
m o l t e n s a l t s * and t h e i r b i n a r y ' and t e r n a r y m i x t u r e s ' 
4 46 5 0 - 5 2 
and a l s o of a q u e o u s s o l u t i o n s of s i n g l e * * and mixed 
53 
m o l t e n e l e c t r o l y t e s 
5 4 - 6 3 S e v e r a l w o r k e r s have p r o p o s e d a number of f l u i d 
e q u a t i o n s of s t a t e based on t h e c o n s i d e r a t i o n of h a r d s p h e r e s . 
The e q u a t i o n s of L e b o w i t z e_t _§_!. and Rao e_t _a^. * h e l p e d 
in e v a l u a t i n g t h e a c o u s t i c a l p r o p e r t i e s ( v e l o c i t y and a b s o r p t i o n 
c o e f f i c i e n t s ) of l i q u i d s . Mayer a l s o a p p l i e d t h i s e q u a t i o n t o 
i n v e s t i g a t e t h e m o l e c u l a r p a r a m e t e r r e l a t i o n s h i p between the 
c o m p r e s s i b i l i t y f a c t o r and t h e s u r f a c e t e n s i o n . Even though 
the C o r n h a n - S t e r l i n g e q u a t i o n h a s been found to be b e t t e r 
s u i t e d f o r e x p l a i n i n g such b e h a v i o u r s t h a n t h e h a r d s p h e r e 
mode l s p r o p o s e d by o t h e r s ' , "the l a t t e r ( h a r d s p h e r e 
e q u a t i o n ) i s s t i l l b e i n g employed t o o b t a i n t h e e q u i l i b r i u m 
69 70-'? 2 
thermodynamic p r o p e r t i e s of p u r e l i q u i d s , l i q u i d m i x t u r e s , 
molten s a l t mixtures and e l e c t r o l y t i c so lu t ions . 
Surface tension, cr, i s one of the var ious physical 
p roper t i es which has been inves t iga ted to understand the ionic 
in t e rac t ions in binary molten s a l t mixtures . Many attempts 
have been made for the t h e o r e t i c a l co r r e l a t i on of surface 
tension of l i q u i d s , molten s a l t s and t h e i r binary mixtures 
74 
with u l t r a son ic v e l o c i t i e s . Guggenheim, on the basis of quasi-
c r y s t a l l i n e model derived equat ions for the ideal and regular 
so lu t i ons . In order to a s c e r t a i n if c e r t a in molten s a l t s are 
non- in te rac t ing or they r e s u l t in complex formation due to 
75 t h e i r i n t e r a c t i o n , Heymann £_t _a_l. employed the thermodynamic 
method of Guggenheim for t h i s purpose. An improved model was 
76 developed by Hoar and Melford . Later on, Bertozzi and 
77 78 Sternheim * showed tha t there are s i g n i f i c a n t deviat ions 
from the e a r l i e r proposed equat ions when employed for the 
ca lcu la t ion of CT" values of a l k a l i n i t r a t e s and binary halide 
systems and they introduced in 'Tobolsky Parameter ' to account 
for the intermolecular i n t e r a c t i o n in t h e i r e f f o r t s to obtain 
good r e s u l t s . 
On the bas is of few e x i s t i n g phenomenological theor ies 
79 
of l iquid s t a t e , Lennard-Jones and Corner have calculated 
the or values by employing th3 free-volume theory while Reiss , 
80 Lebowitz and Frisch used the hypernated chain theory for th i s 
81 purpose while Eyring £_t _al_. employed the s i gn i f i c an t s t ruc ture 
theory. These theor ies reproduce the experimental values of cr-
reasonably well in the low dens i ty range unlike those obtained 
82 in the higher dens i ty range. Ono has reviewed the methods 
avai lable for the ca lcu la t ion of surface p rope r t i e s by emplo-
ying such t h e o r i e s . 
Nissen and Domelen have pointed out t h a t the equa-
t ions based on the regular so lu t ion theory assuming quasi-
l a t t i c e model and random d i s t r i b u t i o n of spec ies , both in the 
bulk phase as well as in tha t of the surface phase, can be 
used to ca l cu la t e the CT" values of binary molten mixtures. 
On the whole, the r e s u l t s thus obtained using these 
models were found to be in good agreement with those of the 
experimental values while the dev ia t ions were a t t r i b u t e d to 
non-coulombic i n t e r a c t i o n s which inva l ida te the random mixing 
assumptions i m p l i c i t in such t h e o r e t i c a l cons idera t ions . 
Addition of molten e l e c t r o l y t e s to water i s known to 
cause an increase in the surface tension, which corresponds to 
84 
a desorption of s a l t from the surface region . As a conse-
quence of th i s considerable i n t e r e s t has been shown in the 
evaluat ion of surface tension in aqueous so lu t ions of molten 
84 
e l e c t r o l y t e s , but very few attempts have been made to 
evaluate the surface tension of aqueous so lu t ions of mixed 
molten e l e c t r o l y t e s . 
F i n a l l y , the F l o r y ' s s t a t i s t i c a l theory * has been 
employed to evaluate the reduced and the c h a r a c t e r i s t i c thermo-
dynamic parameters which, in tu rn , can be employed for evalijating 
the i n t e r ac t i on parameter, the v i s c o s i t y , the surface tension, 
the u l t r a son ic ve loc i ty and the excess thermodynamic p rope r t i e s . 
Consequently, with a view to understanding the behaviour 
of aqueous so lu t ions of mixed molten e l e c t r o l y t e s the dens i ty , 
the v i scos i ty and the u l t r a son ic v e l o c i t i e s of [x NaSCN+(l-x)KSCNj 
+ RH2O (R = 4 to 7) are measured as functions of mole f ract ion 
of NaSCN, ionic concent ra t ion , R = (wa te r / s a l t ) r a t i o and 
temperature. In addi t ion , some of the thermodynamic funct ions, 
the re levant parameters, the surface tension and the visco-
s i t i e s have also been evaluated for the said purpose. 
E X P E R I M E N T A L 
Materials: 
Pur i f ied and r e c r y s t a l l i z e d sodium and potassium thiocy-
anates as well as t r i p l e d i s t i l l e d water v;ere used in preparing 
binary mixtures of molten s a l t s in aqueous medium, pure and 
d i s t i l l e d toluene and quinoline were used to c a l i b r a t e the 
pyknometer and the viscometer while pur i f ied acetone was used 
to c a l i b r a t e the u l t r a son ic in te r fe rometer . 
87 Purif ication of Toluene : 
Toluene was pur i f ied by repeated shaking v^ yith aboit 
15 per cent of i t s volume of concentrated sulphuric acid in a 
stopoered separat ing funnel u n t i l the acid layer became colour-
l e s s or pale yellow on standing or u n t i l the thiophene t e s t 
was negative [ s ince the commercial toluene contains methyl 
thiophene ( thio toluene) b.^-. 112-113°C, which cannot be 
removed by d i s t i l l a t i o n ] . After each shaking l a s t i n g a few 
minutes, the mixture was allowed to s e t t l e and the lower layer 
of acid was drawn off. The toluene was then shaked twice with 
water to remove the acid, once with 10 per cent sodium carbonate 
solut ion followed by water and f i n a l l y with anhydrous calcium 
ch lo r ide . Toluene was then d i s t i l l e d through an e f f i c i en t 
coloumn and the f r ac t ion , b . p . 80-81°C was c o l l e c t e d . Sodium 
wire was introduced into the d i s t i l l e d to luene . 
87 Purif ication of Quinoline : 
Quinoline was d i s t i l l e d several times a t 235-238 C and 
the resulting distillate was redistilled under a reduced 
pressure of 20 mm Hg at 118-l2o°C. 
87 Purification of Acetone ; 
The commercial acetone was refluxed with successive 
small quantities of potassium permanganate until the violet 
colour persisted. It was then dried with anhydrous potassium 
carbonate, filtered from the desiccant and fractionated. 
Temperature Control; 
A thermostated water bath was used to maintain a 
uniform temperature during the measurements of density, viscosity, 
and ultrasonic velocity. The water bath of about 10 litres' 
capacity consisted of an immersion heater (l.O iCW) , a stirrer 
(Remi make), a check thermometer, and a contact thermometer and 
in order to control variations in temperature a relay (Jumo-type 
NT 15.0, 220V - 15A) was used. The overall temperature stability 
was found to be within + 0.01 
Sample Preparation; 
Sodium and potassium thiocyanates were recrystallized 
for preparing their aqueous solutions in triple distilled water. 
All the solutions were prepared by weight (molal solutions 
Concentration of solutions is given in terms of R which 
O Q 
is equal to the water/salt ratio. Angell and Gruen were first 
to introduce this concentration unit and it is particularly more 
useful than the conventional un i t l ike molar i ty or molali ty 
when one discusses the composition region where there are 
i n su f f i c i en t water molecules to f i l l more than one or two 
hydration she l l s per cat ion or anion. For example, 11.111m 
(m = mol. Kg"" ) concentrat ion i s equivalent to R = 55.555/ 
11.111 = 5 . 
Density Measurement; 
A pyknometer cons is t ing of a small bulb with f l a t 
3 
bottom of approximately 5 cm capaci ty with a graduated stem 
was used for the densi ty measurement. Each mark on the stem 
of the pyknometer was ca l ib ra t ed using pur i f ied toluene as a 
reference l i q u i d . The densi ty of toluene a t d i f f e r en t tempera-
tures required for c a l i b r a t i o n was given by 
f = 0.88412 - 0.92248 x 10"^t + 0.0152 x lO^^t^ - 4.22 3x10'"'^ t^ 
where t i s the temperature in °C. Now using the values of 
d e n s i t i e s and mass of to luene, the volume of pyknometer a t each 
mark was c a l i b r a t e d . In order to check the r e p r o d u c i b i l i t y of 
c a l i b r a t i o n , the same process was repeated with d i f fe ren t 
weights of to luene . From the known volume of ca l ib ra ted 
pyknometer a t each mark and mass of toluene, the dens i t i e s 
were ca l cu l a t ed . In t h i s manner the experimental d e n s i t i e s 
obtained were v/ithin + 0.01>< accuracy. 
The t e s t so lu t ion was introduced into the ca l ib ra ted 
pyknometer before immersing i t into the thermostated bath. 
The d e n s i t i e s were determined by recording the volume changes 
as a function of temperature. 
Viscos i ty Measurementt 
89 Cannon-ubbelohde viscometer was used for the v i s cos i t y 
measurement of the above s o l u t i o n s . I t cons i s t s of three p a r a l l e l 
arms, v i z . , r ece iv ing , measuring and a u x i l i a r y , for forming the 
suspended level arrangement in t r i angu la r fashion. The receiving 
arm forms a 'U' with the measuring tube through a bulb D. Bulb 
A and another f iduc ia l bulb B s l i g h t l y below the former were 
sealed to the measuring arm. Two f iduc ia l marks, a and b 
on the two s ides of the bulb B were used for recording the 
efflux time. The a u x i l - i a r y arm was sealed to the receiving 
arm through a bulb C. In between the bulbs B and C there 
l i e s the c a p i l l a r y of appropriate length and diameter . I t was 
designed in such a way t h a t ( i) the cent res of gravi ty of the 
three bulbs A, B, and C were al igned v e r t i c a l l y to reduce the 
e f fec t of acce le ra t ion due to gravi ty and ( i i ) the r e su l t i ng 
efflux time for vv-ater was se t above 80 seconds depending upon 
the dimensions of the viscometer so tha t the experimental 
e r r o r s were minimized. Special fea ture of a suspended level 
viscometer was tha t the c a p i l l a r y e f fec t s of the two l iqu id 
surfaces were neu t ra l ized by each other so tha t the surface 
tension cor rec t ion for the apparatus was neg l ig ib le and the 
t ranspor t of momentum was car r ied out f ree ly under the weight 
of the t e s t l i q u i d . 
Pur i f ied toluene was used for the c a l i b r a t i o n of v isco-
meter. The viscometer was f i l l e d with toluene and i t was clam-
ped in a v e r t i c a l p o s i t i o n . The volume of toluene should be 
adequate to avoid any a i r bubble being introduced into the 
c a p i l l a r y arm while the f iduc ia l bulb B was f i l l e d . Anhydrous 
calcium chlor ide tubes were at tached to the open ends of the 
viscometer to avoid absorption of mois ture . The viscometer was 
allowed to stand in the thermostated bath for about 30 minutes 
before recording the data so t h a t the thermal f luc tua t ions in 
the viscometer were minimized. The l iqu id was then sucked into 
the bulb A with a vacuum pump and was allov;ed to stand there o^ -
about 45 minutes by closing the calcium chlor ide tubes with 
rubber corks . The rubber s toppers vjere then removed from the 
tubes and the time of f a l l of the l i qu id from the upper f iducia l 
mark ' a ' to the lower mark ' b ' was noted several times and the 
mean of the very close readings was determined at a se t tempe-
r a t u r e . The v i scoc i ty of the l i qu id was then ca lcula ted using 
the express ion, 
Tl = / Pt 
where / and t are the density and the time of fall of the 
liquid at a particular temperature, p is a constant quantity 
and is a characteristic of the viscometer and has been calcu-
90 lated by making use of the reported values of viscosities of 
toluene at several temperatures. 
The accuracy of the c a l i b r a t e d viscometer was checked 
by measuring the v i scos i ty of quinoline a t t e s t temperatures 
and comparing the experimental values with tho^e of the reported 
ones. Reproduc ib i l i ty was found to be within + 0.3vi. 
The sample solut ion was introduced into the viscometer 
and i t s free ends were connected to calcium chlor ide tubes 
through rubber tubings . The viscometer was then placed in th-^  
thermostated bath and the time of f a l l of the sample solution 
was recorded as in c a l i b r a t i o n . 
Measurement of Ul t rasonic Veloci ty (Instrumentatior^ 
(a) Working p r i n c i p l e : 
A multifrequency u l t r a son i c interferometer ( M i t t a l ' s 
Model M-83) was used to determine the u l t r a son ic ve loc i ty in 
l i qu ids with high accuracy (within + O.lbyi), 
I t s p r inc ip le of working is based on the accurate 
determination of wavelength, /\ , in the medium. The u l t r a -
sonic waves of known frequency, V , are produced by a quartz 
c rys t a l fixed a t the bottom of the ce l l and are re f lec ted by a 
movable me ta l l i c p la te kept p a r a l l e l to the quartz c r y s t a l . 
The standing waves are formed, if the separat ion between these 
two p la t e s i s exact ly a whole mult iple of the sound wave length . 
This acoustic resonance gives r i s e to an e l e c t r i c a l reac t ion 
on the generator dr iving the quartz c r y s t a l and the anode 
current of the generator becomes maximum. 
If the dis tance i s now increased or decreased and the 
va r i a t i on i s exact ly one-half waveleugch ( /^ /2) or mult iple of 
i t , the anode cur rent becomes maximum. The u l t r a son ic ve loc i ty 
can thus be obtained from the r e l a t i o n , 
Veloci ty = Wavelength x frequency. 
(b) Description; 
Ult rasonic interferometer cons i s t s of two p a r t s . 
( i ) High frequency generator and ( i i ) Measuring c e l l . 
( i ) High frequency generator; I t i s designed to 
exci te the quartz c rys ta l fixed a t the bottom of the measuring 
ce l l a t i t s resonant frequency to generate u l t r a son ic waves in 
the experimental l iqu id f i l l e d in the measuring c e l l . On the 
panel of the high frequency genera tor , a micrometer i s provided 
to observe the change in cu r ren t and two con t ro l s for the 
purpose of s e n s i t i v i t y r egu la t ion and i n i t i a l adjustment of 
micrometer. 
( i i ) Measuring c e l l : I t i s a double walled ce l l for 
maintaining a constant temperature of the l iqu id during expe-
riment, and a t i t s top, a fine micrometer screw has been 
provided which can lower or r a i s e the r e f l e c t o r p la te in the 
l iqu id ( in the c e l l ) through a known d i s t ance . I t has a quartz 
c rys t a l fixed a t the bottom. 
Adjustment of Ultrasonic Interferometer: 
I t i s done in the following manner: 
(1) . The c e l l was inser ted in the square base socket and 
clamped to i t with the help of a screw provided on one 
of i t s s i d e s . 
( 2 ) . The curled cap of the c e l l was unscrewed and removed from 
the c e l l , then the experimental l iqu id was poured into 
i t and curled cap was screwed on i t . 
( 3 ) . Water was c i r cu la t ed through the two chutes in the double 
walled c e l l in order to maintain the des i red temperature. 
( 4 ) . The c e l l wall i s connected with a high frequency generator 
by a co-ax ia l cable provided with the instrument. 
For the i n i t i a l adjustment two knobs are provided on 
high frequency genera tor , one i s marked with 'Adj ' and the • 
o ther with 'Gain ' . With knob marked 'Adj ' the pos i t ion of 
needle on the ammeter was adjusted and the knob marked 'Gain' 
was used to increase the s e n s i t i v i t y of instrument for g rea te r 
de f l ec t i on . The ammeter was used to record the maximum def lec-
t ions by adjust ing the micrometer. 
Measurements: The measuring c e l l was connected to the out-put 
terminal of high frequency generator through a co-axial cable . 
The ce l l was f i l l e d with the experimental l iqu id before switching 
on the genera to r . The u l t r a son i c waves of 3 MHz frequency 
produced by a gold plated quartz crystal fixed at the bottom 
of a cell are passed through the medium and are reflected by 
a movable plate and the standing waves are formed in the liquid 
in between the reflector plate and the quartz crystal. Acoustic 
resonance due to these standing waves gives rise to an elect-
rical reaction to the generator driving the quartz plate and 
the anode current of the generator becomes maximum. The micro-
meter screw was raised slowly to record the maximum anode 
current. The wavelength was determined with the help of total 
distance moved by the micrometer for twenty maxima of anode 
current. The total distance, d travelled by the micrometer 
gives the value of wavelength with the help of the relation, 
d = n X A /2, where n is the number of maxima in anode current. 
Once, the wavelength is known, ultrasonic velocity can be 
calculated as described earlier. The accuracy in ultrasonic 
velocity measurement was found to be within + 0.15/<. 
C H A P T E R - I 
EXCESS VOLUME AND VISCOSITY OF MIXTURES OF SODIUM AND 
POTASSIUM THIOCYANATES IN AQUEOUS MEDIUM. 
1 -' 
I n t r o d u c t i o n : The s t u d i e s of excess thermodynamic p r o p e r t i e s 
E E 
l i k e the exces s volume, V , the exces s f r e e - e n e r g y , AG , and 
p 
the excess v i s c o s i t y , r\ , of mixed aqueous s o l u t i o n s of e l e c t -
r o l y t e s o b t a i n a b l e from the t empera tu re and the c o n c e n t r a t i o n 
dependences of d e n s i t y and v i s c o s i t y da ta have assumed g r e a t 
s i g n i f i c a n c e in r e c e n t y e a r s s ince they provide usefu l i n f o r -
mation on the i n t e r a c t i o n p a t t e r n of these ions having the 
same cha rge . 
E The exces s volume of mix ing , V , i s known to be a 
measure of change in geomet r i ca l arrangement of water and 
91 ions . I t has been found t h a t the exces s volume of mixing 
depends g r e a t l y on the s t r u c t u r e - b r e a k i n g and - makina e f f e c t s 
of c a t i o n s p r e s e n t in the sys tem. S t ruc tu re -mak ing ions donot 
change the water s t r u c t u r e around the ion , whereas , the s t r u -
c t u r e - b r e a k i n g ions d e s t r o y the wa te r s t r u c t u r e markedly and 
expand the water l a t t i c e . On the o the r hand, the s t r u c t u r e -
making ions i n t e r a c t weakly wi th the water molecules p r e s e n t 
a l l around these i o n s . 
In r e c e n t y e a r s , the d e v i a t i o n s from i d e a l i t y in the 
excess volume of mixing f o r many mixed e l e c t r o l y t e s o l u t i o n s 
have been exp l a ined in terms of the s p e c i f i c i o n - i o n i n t e r -
92 93 94 95 
a c t i o n s on the b a s i s of Young's r u l e * . Wen and Nara , 
96 
using the F r i e d m a n ' s t heo ry and the expe r imen ta l va lues of 
E 
volume changes on mixing , V , have shown in the ca se s of mix-
t u r e s of po tass ium h a l i d e s and symmetrical tetraalkylammonium 
hal ides tha t the specif ic ca t ion -ca t ion i n t e r a c t i o n s are ore-
dominant in t h e i r aqueous s o l u t i o n s . 
91 Several workers have found tha t the excess proper-
E E 
t i e s such as V and r) provide a b e t t e r view in ce r ta in s t ruc -
tu ra l aspects of single as well as of mixed aqueous solut ions 
of e l e c t r o l y t e s . The nature of short-range in t e r ac t ions bet-
ween water and ions has been a matter of long standing chemict-I 
97 98 i n t e r e s t ' . One important problem which has a t t r a c t e a the 
a t t e n t i o n is the change induced in the s t ruc tu re as well as in 
the p roper t i e s of water and ions due to t he i r i n t e r a c t i o n . 
Results and Discussion; 
The densi ty data for the solut ions under inves t igat ion 
have been l ea s t - squa re s f i t t e d to a l i n e a r equation of the form: 
f - a - bT(c^.Table 2 . 1 ) , where / i s the densi ty a t tempera-
ture T in Kelvin while a and b are the cons tan ts . 
The measured dens i ty , / , has been used to ca l cu la t e the excess 
molar volume, V , by using the following equat ion: 
V^ = V - [xV^ + (1-x) V2] (1) 
where V, "V^ and V2 are the molar volumes of ternary and 
the two binary solutions of electrolytes at appropriate concen-
trations, respectively. x and (l-x)represent the mole frac-
tions of sodium and potassium thiocyanates, respectively(^ Table l-l)' 
TABLE 1 . 1 : EXPERIMENTAL EXCESS VOLUME (V^ , e a mol"-^) of 
[x NaSCN + ( 1 - x ) KSCN] + RH2O ( R= 4 to 7) 
SYSTEMS: 
T(K) 3 0 8 . 1 5 3 1 3 . 1 5 3 1 8 . 1 5 3 2 3 . 1 5 3 2 8 . 1 5 3 3 3 . 1 5 
X 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
-0 .0330 
-0 .0364 
- 0 . 0 8 0 3 
-0 .1088 
- 0 . 0 7 6 3 
-0 .1085 
-0 .0552 
-0 .0588 
0.0340 
0 . 1 
0 . 2 
0 .3 
0 .4 
0 . 5 
0 .6 
0 . 7 
0 . 8 
0 . 9 
0.0343 
-0 .0168 
0.0049 
-0 .0652 
-0 .0695 
-0 .0514 
-0 .0214 
-0-0316 
-0 .0502 
R = 4 
-0 .0323 - 0 . 0 3 1 5 -0 .0308 -0 .0300 -C .0292 
-0 .0353 - 0 . 0 3 4 2 -0 .0332 - 0 . 0 3 2 1 - 0 . 0 310 
-0 .0805 - 0 . 0 8 0 8 -0 .0810 - 0 . 0 8 1 3 -0 .0815 
-0.1088 - 0 . 1 0 8 9 -0 .1089 -0 .1090 -0 .1C91 
-0.0785 - 0 . 0 8 0 6 -0 .0828 -0 .0850 -0 .0873 
-0 .1083 -0 .1080 - 0 . 1 0 7 7 - 0 . 1 0 7 3 -0 .1070 
-0.0549 -0 .0545 -0 .0542 -0 .0539 -0 .0535 
-0.0599 -0 .0609 -0 .0620 -0 .0631 -0 .0642 
0 .0346 0.0352 0 .0358 0 . c ^ i 4 0.0370 
R = 5 
0 .0351 0.0359 0.0367 0 .0375 0.0384 
-0.0152 - 0 . 0 1 3 7 - 0 . 0 1 2 1 - 0 . 0 1 0 5 -0 .0089 
0 .0053 0 .0058 0.0062 0 .0067 0.0C72 
-0 .0661 - 0 . 0 6 7 0 -0 .0679 -0 .0689 -0 .0698 
-0 .0686 - 0 . 0 6 7 8 -0 .0669 -O.O66O -0 .0651 
-0 .0518 - 0 . 0 5 2 1 -0 .0525 -0 .0529 -0 .0532 
-0 .0215 - 0 . 0 2 1 6 - 0 . 0 2 1 7 - 0 . 0 2 1 8 -0 .0219 
-0.0324 - 0 . 0 3 3 2 -0 .0340 - 0 . 0 3 4 8 -0 .0356 
-0.0509 - 0 . 0 5 1 7 -0 .0525 - 0 . 0 5 3 3 -0 .0541 
G o n t d . . . . 
T(K) 
X 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
308.15 
0.0432 
0.0599 
0.0460 
0 .1937 
0 .1216 
0.1627 
0.0847 
0 .0897 
0 .0736 
0.0250 
0.0589 
0.0519 
0.0936 
0 .0731 
0 .0243 
0.0039 
- 0 . 0 1 2 2 
0.0089 
313.15 
0.0434 
0.0601 
0.0459 
0.1955 
0.1220 
0.1632 
0 .0852 
0 .0901 
0.0740 
0 .0235 
0 .0581 
0 .0511 
0.0935 
0 .0711 
0.0232 
0.0019 
- 0 . 0 1 1 7 
0.0079 
318.15 
R = 6 
0 .0436 
0 .0603 
0 .0457 
0 .1972 
0 .1224 
0.1637 
0 ,0856 
0.0904 
0 .0743 
R = 7 
0 .0220 
0 .0572 
0 .0504 
0 .0^34 
0 .0690 
0 .0208 
- 0 . 0 0 0 2 
- 0 . 0 1 1 3 
0.0070 
323.15 
0.0437 
0.0604 
0.0456 
0.1990 
0 .1228 
0.1642 
0.0860 
0.0907 
0.0747 
0.0205 
0 .0563 
0.0496 
0.0934 
0.0669 
0.0210 
-0 .0023 
-0 .0107 
0.0060 
328.15 
0.0439 
0 .0606 
0 .0455 
0 .2008 
0 .1231 
0 .1647 
0 .0Sb5 
0 .0911 
0 .0750 
0 .0190 
0 .0554 
0 .0488 
0 .0933 
0 .0648 
0 .0198 
- 0 .0044 
-0 .0102 
0.0050 
333.15 
0.0441 
0.0608 
0 .0453 
0.2026 
0 .12 35 
0 .1652 
0.o5fe«f 
0.0914 
C .0754 
0.0174 
0.0545 
0.0480 
0.0932 
0.0626 
0.0187 
-0 .0066 
-0 .0097 
0.0040 
0.20 
o 
6 
o 
UJ 
6 
O 
> 
l/t 
O) 
U 
X 
LiJ 
- 0 . 0 2 
- 0 . 0 4 
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X ) mole f r a c t i o n of NaSCN 
Fig. 1.1: P lots o f excess volume of [ X NaSCN + (1 - X ) KSCN] + RH2O 
(R = 4 t o 7 ) versus mole f rac t i on of NaSCN a t 308.15 K. 
p 
Variations in the values of V with mole fraction of 
NaSCN and R are displayed in Fig. 1.1. It is noteworthy 
R 
tha t the values of V are pos i t ive for these so lu t ions with 
R = 6 and 7 and are negative for the so lu t ions with R = 4 
P 
and 5 . The pos i t ive values of V are ind ica t ive of weak 
ion-ion and ion-solvent i n t e r a c t i o n s while the negative value-; 
are of strong i n t e r a c t i o n s . 
I t has been observed t h a t the v a r i a t i o n s in the values 
of V with X (F ig . 1 .1 , curves: a,b) follow a parabolic pa-
t t e rn while the height of the parabola increases with increase 
in the ionic concentrat ion or , in other words, with decrease 
in the R va lues . Such a behaviour ind ica tes the presence of 
large ca t ion-ca t ion i n t e r a c t i o n s in the ternary solut ions with 
R = 6 comparing with t ha t of R = 7 (which is l e s s concentrated). 
A fur ther examination of F ig . 1.1 (curves: c,d) reveals tha t 
V passes through a minimum around X = 0 . 5 and the deptn of 
the minimum increases with increase in the ionic concentration 
(or with a corresponding decrease in the R v a l u e ) . These 
r e s u l t s ind ica te tha t the e f fec t s due to the ion-solvent i n t e r -
act ions decrease slowly with an increase in the ionic concentra-
t ion while such e f fec t s due to the ca t ion-ca t ion in t e rac t ions 
decrease somewhat more r a p i d l y . 
As usual , the v i s c o s i t i e s of so lu t ions have been found 
to decrease with an increase in temperature. I t would, there-
fore , be log ica l to presume t h a t the forces of a t t r a c t i o n which 
the moving ions have to overcome have s u b s t a n t i a l l y decreasec 
with an increase in the random motion of ions, thus making tr-? 
progress of the ions in motion towards the empty s i t e s some-
what higher . 
An examination of Table 1.2 reveals tha t the v i scos i ty 
values of the so lu t ions under inves t iga t ion increase with 
increase in the mole f rac t ion of sodium thiocyanate and dec-
rease with decrease in the ionic concentrat ion (or with an 
increase in the R v a l u e ) . Also, NaSCN solu t ions are found to 
have higher v i s c o s i t i e s than those of the .<SCN so lu t i ons . 
Furthermore, the v i scos i ty of the mixed (NaSCN + KSCN) e l e c t -
ro ly t i c aqueous solut ions are found to increase with increase 
in the concentra t ion of NaSCN. 
The measured v i s c o s i t i e s are found to increase vdth an 
increase in the ionic concentra t ion ( i . e . with decrease in the 
R value) of these so lu t i ons . This i s due to an increase in 
the ion-ion i n t e r ac t i ons with increase in the ionic concentra-
t i o n . The lower values of v i s c o s i t y of aqueous solut ion of 
KSCN than tha t of the aqueous sodium thiocyanate seem to be 
due to a decrease in the s t rength of ion-solvent in te rac t ions 
with increasing size of the ions (K ions being la rger in size 
+ 
than those of the Na i o n s ) . 
The broken l ines in F ig . 1.2 represent the addit ive 
composition v a r i a t i o n s of ri while the curves lying below the 
broken l i n e s correspond to or account for devia t ions from 
a d d i t i v i t y . The v i scos i ty isotherms are ind ica t ive of a 
TABLE 1 .2 : £XPURIMLNTAL VISCOSITY (ri x I C ^ , N5 m ^) OF 
[x NaSCN + ( 1 - x ) KSCN] + RH2C (R =^  4 to 7) 
oY3Ti£Mo: 
T(K) 3 0 8 . 1 5 3 1 3 . 1 5 3 1 8 . 1 5 323 .15 3 2 8 . 1 5 333 .15 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 .0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
1.415 
1.552 
1 .689 
1.819 
1 .990 
2 . 1 9 2 
2 .420 
2 . 6 5 9 
2 . 9 2 2 
3 .217 
3 . 4 8 7 
1 .157 
1 .223 
1.290 
1 . 344 
1 .423 
1 .483 
1 .584 
1.310 
1.449 
1 .496 
1 .703 
1 .778 
1.969 
2 . 1 9 1 
2 . 3 0 1 
2 . 6 4 1 
2 .842 
3 .056 
1.077 
1 .173 
1 .193 
1.215 
1 .298 
1 .357 
1 .395 
R 
1.237 
1.332 
1 .389 
1 .528 
1 .634 
1 .763 
1 .976 
2 .069 
2 . 2 8 9 
2 . 5 2 1 
2 . 7 2 5 
R 
1 .008 
1.056 
1.129 
1 .187 
1 .209 
1.246 
1 .281 
= 4 
1.156 
1.245 
1 .275 
1.420 
1 .516 
1 .645 
1.810 
1.796 
2 . 1 0 0 
2 .270 
2 . 4 5 9 
= 5 
0 . 9 4 5 
0 . 9 6 6 
0 . 9 8 9 
1.101 
1.130 
1 .203 
1.25 3 
1 .075 
1 .154 
1 .191 
1 .323 
1.400 
1 .492 
1 .659 
1 .695 
1 .901 
2 . 0 4 8 
2 . 2 1 8 
0 . 8 8 5 
0 . 9 2 3 
0 . 8 5 1 
0 . 9 6 3 
1 . 055 
1 .142 
1 .184 
1.024 
1.081 
1.107 
1.220 
1.294 
1.386 
1.553 
1.579 
1 .73^ 
1.850 
2 .002 
0 . 8 3 4 
0 . 8 8 5 
0 . 9 1 6 
C.939 
1.001 
1.124 
1.162 
T(K) 
X 
0 . 7 
0 . 8 
C . 9 
1 .0 
C O 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 .0 
0 . 0 
C . l 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
3 0 8 . 1 5 
1 .721 
1 .875 
2 . 0 4 8 
2 . 2 0 5 
1 .053 
C .969 
1 .123 
1 .224 
1 .307 
1 .352 
1 .463 
1.610 
1.722 
1 .863 
2 . 0 1 0 
0 . 9 1 7 
0 . 9 6 4 
1 .024 
1 .044 
1.0 61 
1 .204 
3 1 3 . 1 5 
1.532 
1 .698 
1.849 
1.958 
0 . 979 
0 . 9 6 0 
1.022 
1.115 
1.128 
1 .134 
1.249 
1 .361 
1 .504 
1.605 
1 .755 
0 . 8 5 4 
0 . 8 9 5 
0 . 9 4 9 
0 . 9 6 0 
0 . 9 8 7 
1 .108 
3 1 8 . 1 5 
1 .414 
1.512 
1 .688 
1.785 
R 
0 . 9 1 1 
0 . 9 5 2 
0 . 9 9 1 
1 .027 
1 .029 
1.065 
1 .147 
1 .208 
1 .296 
1.400 
1 .531 
R 
0 . 7 9 7 
0 . 8 3 2 
0 . 8 7 9 
0 . 9 8 9 
0 . 9 0 9 
1.015 
3 2 3 . 1 5 
1.289 
1.345 
1.538 
1.622 
= 6 
0 . 8 6 2 
0 . 9 0 0 
0 . 9 3 2 
0 . 9 5 6 
0 . 9 7 7 
1 .098 
1 .107 
1 .173 
1.218 
1.309 
1 .411 
= 7 
0 . 7 5 2 
0 . 7 7 5 
0 . 8 2 2 
0 . 8 3 5 
0 . 8 5 3 
0 . 9 4 4 
C 
3 2 8 . 1 5 
1.252 
1 .376 
1 .510 
1 .576 
0 . 8 0 9 
0 . 8 4 7 
0 . 8 7 3 
0 . 9 2 0 
0 . 9 3 8 
1 .007 
1 .052 
1.099 
1 .125 
1 .214 
1 .302 
0 . 7 0 6 
0 . 7 3 1 
0 . 7 6 8 
0 . 7 9 0 
0 . 8 2 7 
0 . 8 6 0 
333 .15 
1.187 
1.249 
1.359 
1.419 
C .763 
0 . 8 0 1 
0 . 8 29 
0 . 8 5 1 
0 . 8 6 5 
0 . 9 3 1 
1.00 3 
1.C26 
1 .083 
1.139 
1.205 
O.o62 
0 . 6 9 5 
0 . 7 1 9 
0 . 7 4 2 
0 .759 
0 .R15 
T(:c) 
X 
0 . 6 
C .7 
0 . 8 
0 . 9 
1.0 
3 0 8 . 1 5 
1 .230 
1.306 
1 .411 
1 .504 
1 . 6 X 
3 1 3 . 1 5 
1 .134 
1 .231 
1 .275 
1.360' 
1.480 
3 1 8 . 1 5 
1 .022 
1 .126 
1 .168 
1 .215 
1 .340 
323 .15 
0 . 9 8 6 
1 .053 
1.172 
1.190 
1 .226 
3 2 8 . 1 5 
0 . 8 4 8 
0 . 9 7 2 
1 .004 
1 .062 
1 .131 
333 .15 
C . 820 
0 . 9 1 7 
0 . 9 3 2 
1.044 
1.043 
3.6 -
fN 
E 
in 
CM 
o 
p* 
O 
o 
X , mole f rac t i on of NaSCN 
Fig.1.2: Plot of v iscosi ty of [ x NaSCN + (1 - x ) KSCN ] + RH2O 
(R = 4 to7 ) versus mole f rac t ion of NaSCN at 308.15K 
s ign i f i can t mixed a l k a l i e f f e c t . The mixed a l k a l i effect is 
a term applied to devia t ions from a d d i t i v i t y in isotherms of 
various physical p roper t i e s as functions of composition, v'hen 
one a l k a l i metal cat ion i s progress ive ly replaced by another 
in a g lass or mel t . The a l k a l i ion mob i l i t i e s and the proper-
t i e s which depend on mob i l i t i e s show the most pronounced e f fec t , 
in tha t ca t ion mob i l i t i e s are reduced, in media containing two 
d i f fe ren t a l k a l i ions, compared to the i r values in same media 
with only one of the a l k a l i ca t ions p resen t . 
99 100 According to the anion po l a r i za t i on model * , the 
SCN~ ion i s considered to experience an average symmetrical 
f i e ld when aqueous medium contains e i t h e r NaSCN or KSCN. 'When 
the Na ions are p a r t i a l l y replaced by the K ions , some of 
the thiocyanate ions find themselves between the f i e ld s of 
d i f fe r ing i n t e n s i t i e s . Due to t h i s e f f ec t a competitive pola-
r i s a t i o n of the anion occurs and the thiocyanate ion wil l be 
more polarized towards the smaller ca t ion . Consequently, in 
the aqueous medium addi t ion of KSCN to NaSCN r e s u l t s in a 
decrease in the in te rna l mobi l i ty (with respec t to the thiocy-
anate ion) of the Na ion whereas addi t ion of NaSCN to KSCN 
increases the i n t e rna l mobil i ty of the K ion. However, i t is 
observed tha t in the aqueous medium when both NaSCN and KSCN 
are present , the decrease caused in the i n t e rna l mobility of 
Na ion i s always grea ter than t h a t caused in the in te rna l 
mobili ty of K ion. Thus, according to the anion polar iza t ion 
model the asymmetry created in the e l e c t r i c f i e l d around the 
thiocyanate ion owing to its competitive polarization by the 
unlike cations causes the mixed alkali effect (MAE) on the 
electrical conductance. Such a competitive polarization can, 
however, cause significant MAE only when the ionic concentra-
tion is large enough. 
An examination of Fig. 1.2 further reveals that th-? 
MAE increases as the ionic concentration increases (or the 
R value decreases). The mixed alkali effect has been foun:^  
to be maximum when the two cations are in equal concentrations 
for the solutions under study. 
C H A P T E R - I I 
ULTRASONIC VuLCCITIaS AND IONIC INTERACTIONS IN MIX-
TURES OF SODIUM AND POTASSIUM THIOCYANATSS IN AQUEOUS 
MEDIUM. 
Introduction; The ultrasonic velocity data are employed to 
32 101 IC ? 
evaluate the thermodynamic quantities of pure liquids ' * 
and liquid mixtures ' "" including those of the molten 
29 30 49 
electrolytes * and their mixtures 
The intermolecular interactions in molten salts and in 
their binary mixtures are understood by studying the ultr.^ -
sonic velocity and its derived parameters, such as adiabatic 
If 
compress ib i l i ty , p , molar u l t r a son i c ve loc i ty , R , specif ic 
107-IC^ acoustic impedence, Z, and Wade's cons tant , B. Attempts ''' , 
have also been made to examine the non- idea l i ty of binary 
mixtures in terms of t h e i r excess thermodynamic funct ions . 
Various equations which have been applied to evaluate 
the u l t r a son ic ve loc i ty in molten s a l t s and in the i r mixtures 
29 
are the Nomoto r e l a t i o n , the ideal mixing r e l a t i o n of Van 
31 4'^ 48 
Dael and Vangeel , the c o l l i s i o n factor theory of Schaafts' ' 33 and the f ree- length theory of Jacobson ' besides F lo ry ' s 
s t a t i s t i c a l theory * . A good agreement has been found 
between the t h e o r e t i c a l p red ic t ions and the experimental r e s -
u l t s . Very few attempts have been made to evaluate the theo-
r e t i c a l u l t r a s o n i c v e l o c i t i e s in aqueous molten e l e c t r o l y t e s 
and in t h e i r mixtures . 
The u l t r a son ic ve loc i ty in normal l i q u i d s decreases • i th 
an increase in temperature but in water, i t increases and rea-
ches a maximum value of 1557 ms~ at 74*^ C and above th i s tempe-
ra tu re i t s t a r t s decreas ing . Such a behaviour may be a t t r ibu ted 
X 
to i t s p e c u l i a r s t r u c t u r e . When a s a l t i s added to wa te r , IL 
of the s o l u t i o n i n c r e a s e s or d e c r e a s e s wi th an i nc rea se in 
t empera ture deff^ding upon i t s i o n i c c o n c e n t r a t i o n and the type 
of ion-wa te r i n t e r a c t i o n . S i m i l a r l y , when the value of comp-
r e s s i b i l i t y of an aqueous s o l u t i o n i s lo^Ner than t h a t of watei , 
change in the water s t r u c t u r e around the ion and a dec rease 
in the c o m p r e s s i b i l i t y f a c t o r caused by the i n t r o d u c t i o n of 
compress ib le ions are a t t r i b u t e d to such a b e h a v i o u r . Since 
few a t t e m p t s have been made to i n v e s t i g a t e the behaviour of 
u l t r a s o n i c v e l o c i t i e s in molten e l e c t r o l y t e s and in t h e i r mix-
t u r e s in aqueous media, [x NaSCN + (1-x) KSCN] + RH2O (R=4 to *) 
systems have been chosen fo r the purpose . 
T h e o r e t i c a l ; The fo l lowing r e l a t i o n s were employed to eva lua t e 
. - . , , 110-113 
tne v a r i o u s a e r i v a d pa ramete r s : 
- 2 - 1 
Ps = u / (1 .1 ) 
2 /3 2 /3 
= Mu / / = Vu (1 .2 ) 11 _ R 
Z = u . / (1 .3 ) 
- 1 / 7 
B = V Pg (1 .4 ) 
^ s = ^ - ( ^ P s l ^ (l->^> ^32^ ^ 1 - ^ ^ 
where u s t ands f o r the u l t r a s o n i c v e l o c i t y , / the 
d e n s i t y , M the molecular we igh t , V the molar volume of 
E t e r n a r y s o l u t i o n , p the exces s c o m p r e s s i b i l i t y of the m i x t u r e s , 
X and ( l - x ) are the mole f r a c t i o n s of the two components while 
P , P , and p ^ are the corresponding adiabatic compressibi-
lities of the ternary solution and of binary solutions of 
sodium and potassium thiocyanates, respectively. 
Nomoto proposed an empirical equation for the evalua-
tion of ultrasonic velocity based on the linear dependence of 
I) 
molar ultrasonic velocity, R , of the mixture on those of the 
pure components, R, and R_ as follows: 
R " = X RJ* + (1-x) R2 (1 .6 ) 
ti 
where x and ( l - x ) are t h e i r mole f r a c t i o n s . R may a l so 
be expressed a s , 
R" = M y - =vu (1.7) 
The molar volume, V, being additive in nature is expressed 
as, 
V = x Vj^  + ( l - x ) V2 (1 .8 ) 
II 
On s u b s t i t u t i n g the v a l u e s of R and V and r e a r r a n g i n g , 
equa t ion ( 1 . 7 ) t akes on the form. 
D " 3 X R, + ( l - x ) R^ ^ 
V^ + ( l - x ) V2 
In view of the successful applicability of these 
relations in molecular liquids, Higgs and Litovitz and 
112 
Subramanyam and Bhimsenachar proposed an expression for 
the molar u l t r a s o n i c v e l o c i t y a s , 
t i 
2/3 2 /3 
R" = My_ =vu (i.ic) 
The a p p l i c a b i l i t y of e q u a t i o n ( l . l O ) has been extended to 
b ina ry m i x t u r e s of molten s a l t s , 
o " 3/2 X R ' ' + (1-x) R ' ' 3/2 
^ = (V-> = ^.vl . (l-x) vl > (l-l- i 
The d e v i a t i o n s from l i n e a r i t y in Nomoto's r e l a t i o n have been 
cons ide red as a measure of n o n - i d e a l i t y of m i x t u r e s . 
The u l t r a s o n i c v e l o c i t y in mix tu re s can a l s o be e v a l u a -
ted by us ing the a d i a b a t i c c o m p r e s s i b i l i t y r e l a t i o n given by 
31 Van Dael and Vangeel , 
Yi Y2 
f's^^ = ^ i T T i m T P s l + ® 2 - 7 n m r ^ 2 ^^ '^"^ 
v.here im, 0, and y refer to the ideal mixing, the volume 
fraction, and the principal specific heat ratio, respectively. 
It is found to be applicable to ideal mixtures, satisfying the 
Condition that, 
Yi = Y2 = Y(im). 
Consequent ly , e q u a t i o n (1 .12) t a k e s on the form, 
P3(im) = 0^ ^ 3 ^ + 0 2 P32 (1-1^) 
The p (im) may, fur ther , be s implif ied and expressed in 
terms of the l i n e a r combination of mole f rac t ions assuminq 
tha t V^ = '^2 ' 
consequently, the u l t r a son ic ve loc i ty may be wr i t ten as . 
1 1 _ _ x . ( 1 - x ) , , , ^ V 
where M, and M^  are the molecular weights of the two 
components. 
Jacobson's f ree- length theory f a i l s when i t i s applieci 
46 
to molten s a l t mixtures becuase t h i s theory has been desig-
ned for the molecular l i qu ids in which intermolecular associa-
t ions are much weaker than those of the ionic l i q u i d s , l ike 
molten s a l t s and the i r mixtures . 
Hence, t h i s theory has not been applied to the systems 
114 
under study. Auerbach established a relation between tne 
ultrasonic velocity, u, and the surface tension, cr, as follows: 
(T 2/3 
u = ( zi-J (1-16) 
6.3 X 10 / 
where / stands for the densi ty of the l i q u i d . Thus, 
knowing the u l t r a son i c v e l o c i t i e s , the surface tension values 
may be predic ted by using the above equat ion. 
Results and Discussion; 
The b e s t - f i t parameters of density (Table 2.1) and the 
expreimental values of u l t r a son ic v e l o c i t i e s (u) of 
[x NaSCN + (1-x) KSCN] + RH^ O (R = 4 to 7) systems for diff-
e ren t values of mole f r ac t ion of NaSCN at several temperatures 
are l i s t e d in Table 2 .2 . The v a r i a t i o n in the values of u 
with X for each of the R values a t d i f f e r en t temperatures 
i s shown in F i g . 2 , 1 . The u l t r a son ic v e l o c i t i e s of the systems 
under study have been found to decrease l i n e a r l y with an incre-
ase in temperature (from 308K to 323K) . u has also been found 
to be affected by va r i a t i ons in the composition of concentrated 
aqueous e l e c t r o l y t i c so lu t ions under i n v e s t i g a t i o n . 
The ad iaba t ic compress ib i l i ty , j3 , of binary and t - r -
s 
nary solutions are given in Table 2.3. The variation in the 
values of p with x for different values of R at different 
temperatures is shown in Fig. 2.2. p has been found to 
increase with an increase in temperature. 
The ultrasonic velocity in each of the systems under 
investigation is found to be higher than that in pure water 
while the adiabatic compressibility of the systems is lower 
than that of the pure water. 
The ultrasonic velocity of water increases with increase 
in temperature and attains a maximum value of 1557 ms""^  at 347K 
3-: 
TABLE 2 . 1 : BEST FIT PARAMETERS OF THE DENSITY EQUATION, 
/ = a-bT FOR [ x NaSCN + ( 1 - x ) KSCN] + RH2O 
(R = 4 to 7) SYSTEMS 
j / g . c m - 3 b X 10 / 
g.cm"^ ir-^ 
- ( C o r r . C o e f f . ) 
R = 4 
0 . 0 
O . I 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
I .O 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 , 5 
0 . 6 
0 . 7 
1.5334 
1.5364 
1.5359 
1.5331 
1.5340 
1.5232 
1.5315 
1.5259 
1.5197 
1.5163 
1.5148 
1.4889 
1.4879 
1.4923 
1.4865 
1.4858 
1.4902 
1.4841 
1.4814 
7.006 
7.1732 
7.2835 
7.2522 
7.3682 
7.2102 
7 .5623 
7.6139 
7.5495 
7.7436 
7.7839 
R = 5 
6.8470 
6.9980 
7.1913 
7.1550 
7 .1413 
7.4184 
7.3706 
7.4688 
1.0000 
1 .coco 
0.9999 
l.COOO 
1.0000 
1 .OOCC 
0.9999 
1.0000 
0.9999 
0.9999 
0.9999 
1.0000 
0.9999 
1.0000 
0.9998 
0.9999 
0.9999 
0.9999 
0.9999 
;ontd... 
X 
0.8 
0.9 
1.0 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
a/g.cm 
1.4781 
1.4785 
1.4758 
1.4582 
1.4561 
1.4553 
1.4557 
1.4511 
1.4522 
1.4499 
1.4563 
1.4560 
1.4576 
1.4624 
1.4240 
1.4182 
1.4185 
1.4201 
1.4201 
1.4158 
1.4233 
b X lo"^/ 
g.cm" .K~ 
7.4908 
7.5950 
7.7336 
R = 6 
6.7671 
6.8413 
6.9130 
6.9713 
7.1612 
7.1437 
7.2140 
7.3442 
7.4177 
7,5162 
7.6154 
R = 7 
6.7227 
6.6371 
6.7560 
6.8469 
6.9713 
6.8487 
7.0592 
- (Corr.Coeff.) 
0.9999 
0.9999 
0.9999 
0.9999 
0.9999 
1.0000 
0.9999 
0.9999 
0.9999 
1.0000 
0.9999 
1.0000 
0.9999 
1.0000 
1.0000 
1.0000 
1.0000 
0.99Q9 
1.0000 
1.0000 
1.0000 
Contd.., 
a/g.cm - 2 b X 10 / 
- 3 ^-1 g.cm .K 
—(Coor-Coeff. 
0 . 7 
0 . 8 
0 . 9 
1.0 
1.4223 
1.4329 
1.4272 
1.4319 
7.0441 
7.4131 
7.3206 
7.5125 
1.0000 
1.0000 
0.9999 
1.0000 
and above t h i s temperature u value diminishes while the 
adiabat ic compress ib i l i ty records a minimum a t 337K. This 
abnormal behaviour of water is apparent ly due to i t s pecu-
l i a r s t r u c t u r e . 
115 . . 
According to Hirata and Arakawa the compressibility 
of water is given as the sum of the instantaneous (8 ) and tne 
relaxational (p_-, ^) parts of compressibility . With inc-
rease in temperature the p increases due to thermal motion 
while the B , decreases because of the thermal rupture of 
"^ rel ax 
water structure. The competition between these two opposing 
tendencies leads to the compressibility minimum at 337K and 
the ultrasonic velocity maximum at 347K. 
The said abnormal behaviour of water can also be exp-
lained with the help of a water model proposed by Samoilov* 
118 
and supported by Danford and Levy . According to t h i s model, 
each network molecule is t e t r a h e d r a l l y surrounded by an average 
119 of Ca, 4,4 f i r s t neighbours . The s t ruc tu re of th i s net-v'/or< 
is bulkv , with space within the frame-work of molecules in th^ 
t e t r ahedra l coordinat ion s u f f i c i e n t l y large to accommodate addi-
t iona l water molecules, about half the c a v i t i e s in water are 
occupied by i n t e r s t i t i a l molecules which i n t e r a c t with the net-
work by l e s s d i r e c t i o n a l , but by no means negl ig ib le forces . 
As the temperature increases j the c l u s t e r p a r t of water decreases 
as a r e s u l t of which the s t r u c t u r a l compress ib i l i ty decreases . 
Due to the increase in temperature, the molecular distance 
TABLE 2 . 2 : EXPERIMENTAL AND THEORETICAL ULTRASONIC VELOCITIES, 
u ( m / s ) OF [x NaSCN + ( l - x ) KSCN] + RH2O (R = 4 to 7) 
SYSTEMS AS FUNCTIONS OF MOLE FRACTION AND TEMPERATJR-
T(I<) 
X 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
3 0 8 . 1 5 
1 8 3 2 . 1 
1 8 4 3 . 2 
( 1 8 3 8 . 1 ) 
(1841 .3 ) " ' ' 
1 8 6 4 . 5 
( 1 8 8 2 . 1 ) 
(1860 .6 ) " ' ' 
1 8 8 8 . 2 
( 1 9 3 2 . 1 ) 
( 1 8 8 1 . 5 ) ' ' ' 
1 9 0 7 . 9 
( 1 9 1 2 . 8 ) 
(1904.0)" '* 
1 9 3 0 . 4 
( 1 9 1 4 . 5 ) 
(1928 .3 )"^ 
1 9 4 1 . 2 
1 7 9 6 . 4 
1 8 0 3 . 6 
( 1 7 8 7 . 4 ) 
(1803 .3 )" ' ' 
3 1 3 . 1 5 
R = 4 
1 8 2 7 . 0 
1 8 3 7 . 9 
( 1 8 3 2 . 7 ) 
( 1 8 3 6 . 2 ) + 
1 8 6 0 . 3 
( 1 8 7 7 . 0 ) 
(1855 .5 )"^ 
1 8 8 0 . 4 
( 1 9 2 7 . 6 ) 
(1876 .4 ) " ' ' 
1 9 0 2 . 2 
( 1 9 0 7 . 6 ) 
(1898 .9) '* ' 
1 9 2 5 . 3 
( 1 9 0 9 . 4 ) 
(1923.2)" '" 
1 9 3 6 . 1 
R = 5 
1 7 9 2 . 5 
1 8 0 0 . 0 
( 1 7 8 2 . 8 ) 
(1798 .9)" ' ' 
3 1 8 . 1 5 
1 8 2 4 . 9 
1 8 3 8 . 2 
( 1 8 2 9 . 0 ) 
( 1 8 3 2 . 6 ) ' ' ' 
1 8 5 4 . 6 
( 1 8 7 0 - 7 ) 
( 1 8 4 9 . 0 ) ' ' ' 
1 8 7 2 . 0 
( 1 9 1 8 . 9 ) 
( 1 8 6 6 . 9 ) + 
1 8 8 9 . 9 
( 1 8 9 5 . 2 ) 
(1886.5) ' !" 
1 9 1 0 . 0 
( 1 8 9 4 . 1 ) 
( 1 9 0 7 . 9 ) ' ' ' 
1 9 1 9 . 3 
1 7 8 7 . 4 
1 7 9 5 . 5 
( 1 7 7 7 . 3 ) 
(1793 .4 )" ' ' 
3 2 3 . 1 5 
] 8 ; . 9 . 8 
1829 .0 
( 1 8 2 3 . 8 ) 
(1827.5)" ' ' 
1847 .7 
( 1 8 6 5 . 7 ) 
(1843.9)"^ 
1866.C 
( 1 9 1 4 . 4 ) 
( 1 8 6 1 . 9 ) t 
1884 .4 
( 1 8 9 0 . 1 ) ^  
( 1 8 8 1 . 5 ) + 
1903 .0 
(1889 .C) _ 
( 1 9 0 2 . 9 ) + 
1 9 1 4 . 3 
1 7 8 2 . 2 
1 7 8 9 . 8 
( 1 7 7 6 . 6 ) 
(1788.2)" '" 
: ; o n t d . . . . 
T(K) 
X 
308.15 313.15 318.15 323.15 
0 , 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
1821.6 
(1815.3) 
(1818.2) 
1841.1 
(1840.3) 
(1834.6) 
+ 
+ 
1857.3 
(1862.7) 
(1852 .7)+ 
1875.3 
(1896.1) 
(1872.5) 
1883.0 
+ 
1816.5 
(1810.0) 
(1812.7) + 
1831.8 
(1833.6) 
(1828.1) ' ' ' 
1809.9 
(1803.9) 
(1806.6) 
1826.4 
(1826.6) 
(1821.4) 
I 
+ 
1849.3 
(1855.3) 
(1845.2) 
1866.9 
(1887.8) 
(1864.0) 
1874.2 
+ 
+ 
1840.9 
(1848.0) 
(1837.7) ' i ' 
1857.6 
(1879.9) 
(1855.9) 
1865.9 
4 
1804.5 
(1802.2) 
(1801.3) 
1820.7 
(1823.6) 
(1815.9) 
I 
+ 
1835.2 
(1844.2) 
(1832 .2)^ 
1849.2 
(1875.0) 
(1850.3)+ 
1860.1 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
1765.5 
1775.2 
(1762.8) 
(1771.3)T 
1790.5 
(1776.4) 
(1784.0) 
1805.4 
(1773.3) 
4 
(1798.3) 4 
1821.0 
( 1 7 9 6 . 9 ) , 
( 1814 .2 )4 
R = 6 
1761.0 
1769.1 
(1758.0) 
(1766.5)"^ 
4 
1785.4 
(1771.0) 
(1778.5) 
1798.2 
(1767.4) 
(1792 .1 )4 
1813.5 
(1790.2) 
(1807.4)"'" 
1758.6 
1766.7 
(1755 .1) 
(1763.5) 
1780.3 
(1767.2) 
(1774.4) 
1794.6 
(1762.5) 
(1787.0) 
4 
4 
4 
1806.3 
(1784.2) 
(1801.1)"' ' 
1755.0 
1761 .0 
(1751.0) 
(1759.3)4 
1774.4 
(1762.1) 
(1769.1)"^ 
1788.2 
(1756.2) 
(1780.4)"'" 
1799.2 
(1776.7) 
(1793.5) 
C © n t d . . . . 
4 
T(K) 
X 
308.15 313.15 318.15 323.15 
0 .9 1833.5 
( 1 8 1 5 . 1 ) , 
(1831.9)"'" 
1.0 1841.4 
1827.6 
(1807.7) 
(1824.4) 
1833.6 
4 
1819.2 
(1800.5) 
(1817.1)"^ 
1825.8 
1811.3 
(1791.9) 
(1808 .4 )^ 
1816.5 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
1741.0 
1748.4 
(1764 .5) 
(1746.2)"l" 
1760.9 
(1763.2) ^ 
(1757.6)"*" 
1773.9 
(1792 .2) 
(1770.6)' '" 
1789.0 
(1821.4) 
(1785.2)"' ' 
1800.9 
(1816.6) 
(1801 .5 )4 
1810.4 
R = 7 
1739.6 
1746.3 
(1763.0) 
(1743.9)"' ' 
1757.4 
(1759.9) 
1 (1753 .7)+ 
1770.9 
(1787.8) 
(1765 .1 )4 
1782.5 
(1815.3) 
1 (1778 .2)+ 
1794.9 
(1808.6) 
(1793.1)"^ 
1801.2 
1735.3 
1740.6 
(1758.5) 
(1739.0)"l" 
1752.4 
(1754.2) 
(1747.5) ' ' ' 
1763.2 
(1781.2) 
(1757.6)"l' 
1774.0 
(1807.3) 
(1769.5)"^ 
1785.3 
(1799.0) 
(1783 .2 )4 
1790.7 
1732.4 
1737.6 
(1755.8) 
(1735.8)4 
1748.4 
(1750.9) 
(1743.8)"^ 
1759.0 
(1777.8) 
(1753.S)"*" 
1769.2 
(1803.3) 
(1764 .8 )^ 
1779.6 
(1794.2> 
(1778,0)"^ 
1785.3 
Values of u e v a l u a t e d by Nomoto's e q u a t i o n are given in 
P a r e n t h e s e s and those e v a l u a t e d by Van Dael e q u a t i o n are 
given in t ' a r e n t h e s e s marked wi th ' . 
1960 
X, mole f r a c t i o n of NaSCN 
Fig. 2.1 : Plots of u of [ X NaSCN + ( 1 - x ) KSCN ] + RH2O ( R = 4 to 7 ) 
versus mole f r a c t i o n of NaSCN a t d i f f e ren t temperatures. 
-,. <, 
increases resulting in an increase in the ordinary compressi-
bility due to the compression of the free space between the 
non-associated water molecules. These opposite effects lead 
to a minimum of the compressibility at 337K and maximum ultra-
sonic velocity at 347K. 
The compressibility of aqueous solutions of NaSCN, ,3CN 
and their mixtures is smaller than that of pure water. This 
may be attributed to two effects. One is mainly due to a dec-
rease in compressibility caused by the introduction of incomp-
ressible ions and this depends more upon the concentration 
rather than the kinds of ions while the second effect is due to 
+ + the change of water structure around the ion. Here, Na and .< 
ions both are structure making ions, i.e. they interact weakly 
with water. 
The s t rength of ion-solvent i n t e r ac t ions decreases with 
increasing size of the ions , but the coordinat ion number of the 
ion increases with increasing s i z e . According to X-ray analysis 
+ + 
and neutron s c a t t e r i n g , the coordinat ion number of Na and K 
ions i s 4 in each case . Consequently, the water s t ruc ture aro-
+ + 
und Na and K ions i s l ike t ha t of pure water. No disordered 
water molecules e x i s t outside the reor iented water molecules 
around the Na or the K ion. This suggests t ha t Na and 1< ions 
are structure-maker ions, i . e . they do not destroy the water 
s t ruc ture around them. Hence, these ions may be regarded as 
incompressible ions . Consequently, the decrease in the comp-
r e s s i b i l i t y of aqueous so lu t ions of sodium and potassium th io-
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TABLc 2.3: ADIABATIC COMPRESSIBILITY, p^ (10 ^ cm dyne" ) 
AS FUNCTIONS OF MOLE FRACTION OF NaSCN (x), 
R =(4 to 7) AND TEMPERATURE FOR THE SYSTEMS : 
[x NaSCN + (l-x) KSCN] + RH2O. 
T(K) 
X 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
308.15 
2.26 
2.24 
( 2 . 2 4 ) * 
2,20 
(2 .21) 
2.16 
(2 .17) 
2 .13 
(2 .14) 
2.10 
(2 .10) 
2 .08 
2.42 
2.42 
(2 .41) 
2 .38 
(2 .38) 
2.34 
(2 .35) 
313.15 
R = 4 
2 .28 
2 .26 
(2 .26) 
2 . 21 
(2 .23) 
2 . 1 8 
(2 .19) 
2 .15 
(2 .15 ) 
2 .12 
(2 .12 ) 
2 .10 
R = 5 
2 .44 
2 .43 
(2 .43) 
2.40 
(2 .40) 
2 .37 
(2 .37) 
318.15 
2.29 
2.27 
(2 .28) 
2 .23 
(2 .25) 
2 .21 
(2 .22) 
2 .18 
(2 .19 ) 
2 .16 
(2 .16) 
2 .14 
2 ,46 
2 .45 
(2 .45) 
2 .43 
(2 .42) 
2.39 
(2 .40) 
C o n t d . . . 
323.15 
2 .31 
2.29 
(2..30) 
2.26 
(2 .27) 
2 .23 
(2 .24) 
2.20 
(2 .21) 
2.18 
(2 .18) 
2.16 
2 .48 
2.47 
(2 .47) 
2.45 
(2 .45) 
2 .41 
(2 .42) 
T(K) 
X 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
308.1^' 
2.32 
(2 .32) 
2 .28 
(2 .29) 
2 .28 
2.57 
2.55 
(2 .55) 
2 .51 
(2 .52) 
2.49 
(2 .48) 
2.45 
(2 .45) 
2 .43 
(2 .42) 
2.40 
2 .71 
2.70 
(2 .69) 
2.67 
(2 .66) 
313.15 
2 .34 
(2 .35) 
2 .31 
(2 .32) 
2 .31 
R = 6 
2 .59 
2 .57 
(2 .57) 
2 .54 
(2 .54 ) 
2 .52 
(2 .51) 
2 .48 
(2 .48) 
2 .45 
(2 .45) 
2 .43 
R = 7 
2 .72 
2 .71 
(2 .71) 
2 .69 
(2 .68 ) 
318.15 
2.37 
(2 .37) 
2 .34 
(2 .35) 
2 .34 
2.60 
2.59 
(2 .59) 
2.56 
(2 .56) 
2 .53 
(2 .53) 
2 .51 
(2 .50) 
2 .48 
(2 .47) 
2 .46 
2 .74 
2 .73 
(2 .73 ) 
2 .71 
(2 .71) 
Contd . , 
323.15 
2.39 
(2 .40) 
2 .37 
(2 .37) 
2.36 
2 .62 
2 .61 
(2 .61) 
2 .58 
(2 .58) 
2.56 
(2 .56) 
2 .53 
(2 .53) 
2 .51 
(2 .50) 
2 .49 
2.76 
2.75 
(2 .75) 
2 .73 
(2 .72) 
T(K) 
X 
0 . 5 
0 . 7 
0 . 9 
1.0 
Values 
308.15 
2.64 
(2 .63 ) 
2.59 
(2 .59) 
2.57 
(2 .56) 
2.54 
of 6 o b t a i n e d 
•^  s 
p a r e n t h e s e s . 
313.15 
2 .65 
(2 .65 ) 
2 .62 
(2 .62 ) 
2 .59 
(2 .59) 
2 .58 
by Nomoto's 
318.15 
2.69 
(2 .68 ) 
2 .65 
(2 .65 ) 
2 .63 
(2 .63) 
2 .61 
e q u a t i o n are 
323.15 
2 .71 
(2 .70) 
2.67 
(2 .68) 
2.65 
(2 .65) 
2 .63 
given w i t h i n 
I 
c 
>~ 
-o 
£ 
ca 
L. 
a. 
E 
o 
a 
< 
2.8 
2.7 
2.6 
2.5 
2 4 
2.3 
2 2 -
2.1 
2.0 
O 323.15 
^ 318.15 
A 313 15 
• 308.15 
0.8 0 0 0.2 O.A 0.6 
X , mole f r a c t i o n of NaSCN 
1.0 
Fig. 2,2. P lo ts o f ^ s of [ x NaSCN • ( 1 - x ) KSCN ] • RH2O (R =4 to7 ) 
v e r s u s mole f r a c t i o n of NaSCN a t d i f f e r e n t t e m p e r a t u r e s . 
cyanates as well as in their mixtures of varying concentra-
tions is smaller than in pure water at any temperature. It 
is mainly due to a decrease in the compressibility caused by 
the introduction of incompressible ions. 
The compressibility of aqueous solutions of [x NaSCN + 
(1-x) KSCN] + RHpO has been found to decrease with decrease in 
the R value. The decrease in the value of B with a dec-
^ s 
rease in R value is apparently largely dependent on the con-
centration of ions and not on the kinds of ions. As the R 
value decreases, i.e. as the ionic concentration increases, 
the Q value decreases due to an increase in the number of 
^ s 
incompressible ions. 
From Fig. 2.1 it appears that the compressibility of 
aqueous solution of sodium thiocyanate is less than that of 
aqueous solution of potassium thiocyanate, even though, both 
+ + Na and K ions are structure making ions. They interact 
weakly with water but yet there is difference in the B values 
of their aqueous solutions. This difference is attributed to 
the contrary effect of structure making ions. According to 
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Somoilov the surface density of distribution of water mole-
cules around the ion decreases with increase in the ionic ra-
dius. The surface density of K ion is smaller than that of 
Na ion since the ionic radius of K ion is larger than that 
of Na . Therefore, since the compressibility of aaueous solu-
tion of KSCN is larger than that of the aqueous sodium thiocy-
: ^' 
TABLE 2 . 4 : E x c e s s ADIABATIC COMPRESSIBILITY, ^ ^ (lO"^^, cm^ 
dyne"-'-) AS FUNCTIONS OF MOLE FRACTION OF NaSCN 
(X ) AND TEMPERATURE FOR THE SYSTEMS: 
[x NaSCN + ( 1 - x ) KSCN] + RH2O (R = 4 to 7) 
T(;<) 
X 
0 . 1 
0 . 3 
0 . 5 
0.7 
0 . 9 
0 . 1 
0 .3 
0 . 5 
0.7 
0 . 9 
0 . 1 
0 . 3 
0 . 5 
0.7 
0 . 9 
308.15 
-0.5263 
-1.06:^5 
-1.5359 
-0.7819 
-0 .0 890 
0.0597 
-0.0066 
-0.1471 
-0.0583 
-0.0848 
-0.0252 
-0.0397 
0.0541 
0.0008 
0.0768 
313.15 
R = 4 
-0.4749 
-1.2873 
-0.9438 
-0 .6500 
-0.0931 
R = 5 
0.0403 
-0.0121 
-0 .0580 
-0 .0429 
-0.0876 
R = 6 
0.0122 
-0.0498 
0.0861 
0.0215 
0.0365 
318.15 
-1.0968 
-1.4039 
-1.1111 
-0.5849 
-0.1.305 
0.0167 
0.0036 
-0.0908 
-0.0162 
-0.0577 
-0.023 
-0.0166 
0.0479 
0.0531 
0.0692 
323.15 
-0.3675 
-0.9728 
-0.9137 
-0.4770 
-0.5904 
0.0273 
0.0056 
-0 .0 8 38 
-0.0122 
0.0157 
0.0443 
0.0029 
0.0502 
0.0429 
0.0485 
;ontd 
x^ 
T(K) 
X 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
308.15 
G.0044 
0.0639 
0.1099 
-0 .0034 
VJ.0727 
313.15 
R = 7 
0 .0021 
0 .0607 
0 .0448 
- 0 . 0 1 1 8 
0 .0047 
318.15 
0 .0261 
0.0276 
0.0555 
-0 .0154 
-0 .0032 
323.15 
0.0202 
0.0 338 
0.0561 
-0 .0124 
0.0124 
anate so lu t ion , addit ion of Na ions to aqueous solut ion of 
KSCN lowers i t s p value. S imi la r ly , addi t ion of K ions to 
aqueous so lu t ion of NaSCN, increases i t s p va lue . An inc-
rease in the mole f r a c t i o n , x, of NaSCN causes a decrease in 
the p value (F ig . 2 . 2 ) . Also, p decreases ( F i g . 2.2) with 
decrease in the value of R. 
p 
The negative values of p (Table 2.4) for the systems 
in which R = 4 and R = 5 suggest the presence of a strong 
ion-ion i n t e r a c t i o n s while the pos i t ive values of p for R = 5 
and R = 7 suggest a weak ion-ion i n t e r a c t i o n s . 
+ + 
The Na and K ions being small in size can cause ext -
ensive hydration in so lu t ion . In higher concentra t ions ( i . e . 
a t low values of R) the overlap of the co-spheres of these ions 
might a f fec t the solvent water molecules in zone B of the 
120 
mode of Frank and Wen of e l e c t r o l y t i c hydrat ion (des t ruc t ion 
of co-sphere over lapping) . 
If more s t ruc tu re is broken down, i . e . if more water 
molecules are affected by these ionic i n t e r ac t i ons because of 
the ion-pai r formation, more water molecules should acouire 
h.igher compress ib i l i ty , the compress ib i l i ty values for the sys-
tems in which R = 4 ( i . e . high ionic concentrat ion) are higher 
than the systems with R values grea te r than 4 . 
p The p passes through a minimum around 0.5 x, the depth s 
of which increases fur ther with increase in ionic concentration 
(F ig . 2 . 3 ) , i . e . with decrease in the R va lue . As the extent 
I 
c 
> • 
e 
u 
(M 
o 
UJi/) 
CQ. 
a. 
E 
o 
o 
o 
o 
o 
w 
a> 
u 
UJ 
-0.4 -
••= -0.8 -
I/) 
Of 
-1.2 -
X } mole f r ac t i o i i of NaSCN 
Fig.2.3'. P l o t s o f ^ | of [ x N a S C N + ( 1 - x ) KSCN ] + RH2O ( R= 4 
versus mole f rac t i on of NaSCN at 308.15 K . 
TABLE 2 . 5 : MOLAR SOUND VELOCITY, R AS FUNCTIONS OF MOL£ 
FRACTION OF NaSCN (X ) AND TEMPERATURE FOR THE 
SYSTEMS: [x NaSCN + ( 1 - x ) KSCN] + RH2O (R = 4 to '^) 
T(K) 
X 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
3 0 8 . 1 5 
1 4 5 8 . 4 3 
1 4 5 0 . 0 2 
( 1 4 5 1 . 6 3 ) 
1 4 3 3 . 8 6 
( 1 4 3 8 . 0 3 ) 
1 4 2 1 . 0 4 
( 1 4 2 4 . 4 ) 
1 4 0 8 . 0 1 
( 1 4 1 0 . 8 3 ) 
1 3 9 9 . 4 3 
( 1 3 9 7 . 2 3 ) 
1 3 9 0 . 4 3 
3 1 3 . 1 5 
R = 4 
1 5 6 0 . 9 6 
1 4 5 2 . 8 7 
( 1 4 5 4 . 2 1 ) 
1 4 3 6 . 7 6 
( 1 4 4 0 . 7 1 ) 
1 4 2 3 . 0 2 
( 1 4 2 7 . 2 1 ) 
1 4 1 0 . 7 6 
( 1 4 1 3 . 7 1 ) 
1 4 0 2 . 4 5 
( 1 4 0 0 . 2 1 ) 
1 3 9 3 . 4 7 
3 1 8 . 1 5 
1 4 6 4 . 0 6 
1 4 5 6 . 1 2 
( 1 4 5 7 . 0 2 ) 
1 4 3 9 . 2 9 
( 1 4 4 3 . 1 2 ) 
1 4 2 4 . 8 6 
( 1 4 2 9 . 0 0 ) 
1 4 1 1 . 8 9 
( 1 4 1 4 . 8 7 ) 
1 4 0 2 . 9 9 
( 1 4 0 0 . 7 5 ) 
1393 .69 
3 2 3 . 1 5 
1466 .85 
1458 .21 
( 1 4 5 9 . 8 4 ) 
1441 .52 
( 1 4 4 5 . 8 3 ) 
1427 .31 
( 1 4 3 1 . 8 1 ) 
1414 .72 
( 1 4 1 7 . 7 9 ) 
1405 .56 
( 1 4 0 3 . 7 8 ) 
1 3 9 6 . 7 7 
0 . 0 
0 . 1 
0 . 3 
0-5 
0 . 7 
1 3 7 7 . 5 7 
1 3 7 3 . 5 9 
( 1 3 7 1 . 8 9 ) 
1 3 6 0 . 9 3 
( 1 3 6 0 . 5 3 ) 
1 3 4 6 . 0 6 
( 1 3 4 9 . 1 7 ) 
1 3 3 6 . 9 7 
( 1 3 3 7 . 8 1 ) 
R 
1 3 8 0 . 2 7 
1 3 7 6 . 4 6 
( 1 3 7 4 . 5 2 ) 
1 3 6 3 . 5 1 
( 1 3 6 3 . 0 3 ) 
1 3 4 7 . 6 3 
( 1 3 5 1 . 5 3 ) 
1 3 3 9 . 0 4 
( 1 3 4 0 . 0 4 ) 
= 5 
1 3 8 2 . 6 7 
1 3 7 9 . 1 2 
( 1 3 7 6 . 9 0 ) 
1 3 6 5 . 7 3 
( 1 3 6 5 . 3 6 ) 
1 3 5 0 . 2 9 
( 1 3 5 3 . 8 2 ) 
1 3 4 1 . 0 3 
( 1 3 4 2 . 2 8 ) 
1385 .06 
1381 .51 
( 1 3 7 9 . 3 3 ) 
1368 .26 
(1367 .8H) 
1352 .88 
( 1 3 5 6 . 4 3 ) 
1343 .67 
( 1 3 4 4 . 9 8 ) 
; o n t d . . . . 
T(K) 
X 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
308.15 
1323.93 
(1326.46) 
1320.78 
1315.97 
1312.63 
(1309.56) 
1300.15 
(1296.72) 
1291.58 
(1283.89) 
1276.71 
(1271.06) 
1262.46 
(1258.22) 
1251.81 
1280.49 
1276.04 
(1274.42) 
1265.25 
(1262.30) 
1254.16 
(1250.18) 
313.15 
1326.00 
(1328.55) 
1322.80 
R = 6 
1318.42 
1314.74 
(1311.97) 
1302.58 
(1299.07) 
1293.61 
(1286.17) 
1278.77 
(1273.27) 
1264.98 
(1260.38) 
1253.93 
R = 7 
1283.69 
1279.03 
(1277.49) 
1268.00 
(1265.07) 
1257.03 
(1252.66) 
318.15 
1127.86 
(1330.75) 
1324.98 
1321.41 
1317.77 
(1314.88) 
1305.01 
(1301.80) 
1296.52 
(1288.73) 
1280.91 
(1275.66) 
1266.94 
(1262.59) 
1256.05 
1286.21 
1281.15 
(1279.89) 
1270.40 
(1267.27) 
1258.79 
(1254.64) 
Contd . 
323.15 
1329.93 
(1333.53) 
1327.8C 
1324.12 
1320.00 
(1317.49) 
1307.26 
(1304.23) 
1298.76 
(1290.98) 
1283.OR 
(1277.72) 
l^- '^.Ol 
(1264.47) 
1257.84 
1289.07 
1283.94 
(1282.74) 
1273.06 
(1270.07) 
1261.40 
(1257.39) 
• • • 
T(K) 
X 
0 . 7 
0 . 9 
1.0 
308.15 
1238.40 
(1238.05) 
1225.96 
(1225.93) 
1219.87 
313.15 
1240.52 
(1240.24) 
1228.34 
(1227.83) 
1221.62 
318.15 
1242.19 
(1242.02) 
1229 .90 
(1229.39) 
1223.08 
323.15 
1244.72 
(1244.72) 
1232.37 
(12 32.05) 
1225.71 
Values of R obtained by Nomoto's equation are given in 
parentheses . 
of hydrophobic interaction increases with increase in ionic 
concentration the excess adiabatic compressibility becomes 
smaller. However, p^ is not affected significantly by varia-
tions in temperature, or in other words, the temperature vari-
ations do not affect the ion-ion interactions s ignif icantly. 
The molar ultrasonic ve loc i t i es , R , of the solutionr. 
" 2/3 
under investigation, calculated using equations: R = Vu 
«i II K II n II 
and R = x R, + (1-x) R^ [where R , R^ and R2 are the 
molar ultrasonic velocities of ternary and binary solutions 
of sodium and potassium thiocyanates, respectively; x and (J-y) 
are the mole fractions of sodium and potassium thiocyan3t?s, 
respectively, while V and u are the molar volume and the 
ultrasonic velocity of ternary solutions], are listed in 
Table 2.5. The molar ultrasonic velocity has been found to 
decrease with increases in the mole fraction of NaSCN, x, and 
the R values, and increase with increase in temperature (F.'^.2'4). 
An examination of Table 2,2 reveals that the computed 
values of ultrasonic velocities using equations 1.11 and 1.15 
are very close to those of the experimental values record-^ d. 
The specific acoustic impedence, Z, and the .Vada's 
constant, B, of the solutions are listed in Tables 2.6 ann 2.7, 
respectively. The specific acoustic impedence has been fo'jnd 
to decrease with increase in temperature in the systems under 
study. This may also be attributed to a corresponding decrease 
in the density of solutions with increase in temperature. Fur-
ther, the values of Z are found to depend on composition 
1480 
1440 
^ 1400 
o 1280 
1240 
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T(K) 
O 323.15 
• 303.15 
JL 
0.0 0.2 0.4 0.6 0.8 
X , mole f rac t ion of NaSCN 
1.0 
F ig .2 .4 : Plots of Molar u l t rason ic velocity (R ' ' ) of 
[ K NaSCN • ( 1 - x ) K S C N ] + RHpO ( R = A to 7 ) versus 
mole f rac t ion o f NaSCN a t d i f fe ren t t empera tu res . 
TABLE 2 . 6 ; SPECIFIC ACOUSTIC IiV;P£j£NCE (Z x 1 0 ~ ^ , gm.crr"^ 
AS FUNCTIONS OF MOLE FRACTION CF NaSCN AND 12. . 
RATURE FOR TiiE SYSTEKAS: [x NaSCN + ( l - x ) ,CSCN] 
(R = 4 to 7 ) , 
T(K) 
X 
c.c 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1 .0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1 .0 
3 0 8 . 1 5 
2 . 4 1 4 1 
2 . 4 2 4 5 
2 . 4 4 1 8 
2 . 4 5 6 6 
2 . 4 6 3 6 
2 . 4 6 6 4 
2 . 4 7 4 9 
2 . 2 9 5 6 
. : . 2 9 4 6 
2 .306> : 
2 . 3 2 3 4 
2 . 3 2 39 
2 . 3 3 3 7 
2 . 3 3 0 3 
3 1 3 . 1 5 
R 
2 . 4 0 1 0 
2 . 4 1 0 9 
2 . 4 3 9 5 
2 . 4 3 9 7 
2 . 4 4 9 0 
2 . 4 5 2 5 
2 . 4 6 0 9 
R 
2 . 2 8 4 5 
2 . 2 8 3 8 
2 . 2 9 3 2 
2 . 3 0 4 2 
2 . 3 0 7 0 
2 . 3 1 6 2 
2 . 3 1 1 9 
= 4 
= 5 
3 1 8 . 1 5 
2 . 3 9 0 7 
2 . 4 0 2 1 
•:-^.4154 
2 . 4 2 2 0 
2 . 4 2 6 0 
2.^^256 
2 . 4 3 2 1 
2 . 2 7 1 8 
2 . 2 7 1 5 
2 . 2 7 8 4 
2 . 2 9 0 6 
2 . 2 8 9 7 
2 . 2 9 7 6 
' . 2 9 4 4 
S o n t d . . . . 
32 3 . 1 5 
> . 3 7 2 8 
2 . 3 8 5 1 
' . ? o a 7 
2 . 40 '^-
• ' . 4118 
2 . -K: Q 1 
o ^ /ll R "? 
2.?/::'^'? 
2 . 2 5 8 4 
" . ^ o 5 2 
£.. « __ ' ./ .' 
'" .^ '"•'•, 7 
2 . > c C 2 
• * 
T(K) 
X 
0 . 0 
0 . 1 
0.3 
0 . 5 
0 . 7 
0 . 9 
1.0 
C O 
0 . 1 
0 .3 
0 . 5 
0.7 
0 . 9 
1.0 
308.15 
2.2063 
2.2106 
2.2218 
2.2244 
2.2398 
2.2478 
2.2607 
2.1180 
2.1220 
2.1291 
2.1371 
2.1562 
2.1640 
2.1732 
313.15 
R = 6 
2.1947 
2.1970 
2.2092 
2.2091 
2.2239 
2.2337 
2.2442 
R = 7 
2.1104 
2.1137 
2.1189 
2.1274 
2.1421 
2.1502 
2.1554 
318.15 
2.1858 
2.1880 
2.1967 
2.1982 
2.2085 
2.2166 
2.2277 
2.0994 
2.1010 
2.1069 
2.1122 
2.1256 
2.1322 
2.1361 
323.15 
2.1754 
2.1749 
2.1833 
2.1840 
2.19 32 
2.2002 
2.2094 
2.0901 
2.0916 
2.0961 
2.1011 
2.1136 
2.1189 
2.12 30 
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Fig.2.5: Plots of Z of [ x NaSCN+ ( 1 - x ) KSCN ] +RH2O 
versus R a t d i f f e r e n t temperatures for x = 0.1 and x = 0.9. 
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TABLE 2 . 7 : WADA'S CONSTANT, B AS FUNCTIONS OF MOLE FRACTION 
OF NaSCN AND TEMPERATURE FOR THE SYSTEMS: 
[x NaSCN + ( 1 - x ) KSCN] + RH2O (R = 4 to 7 ) . 
T(K) 
K 
0 . 0 
0 . 1 
0 . 3 
C D 
0 . 7 
C .9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
3 0 8 . 1 5 
8 5 1 . 8 9 
846.5;> 
8 3 6 . 1 1 
8 2 7 . 3 5 
8 1 8 . 4 8 
8 1 1 . 8 2 
8 0 6 . 1 3 
8 0 1 . 8 9 
7 9 8 . 9 2 
7 9 0 . 6 3 
7 8 1 . 1 9 
7 7 4 . 6 9 
7 6 6 . 1 9 
7 6 3 . 6 0 
3 1 3 . 1 5 
8 5 3 . 1 6 
847 . 81 
8 3 7 . 5 6 
828 .34 
8 1 9 . 8 6 
8 1 3 . 3 2 
8 0 7 . 6 4 
8 0 3 . 2 4 
8 0 0 . 3 5 
7 9 1 . 9 1 
7 8 1 . 9 7 
7 7 5 . 7 2 
7 6 7 . 2 1 
7 6 4 . 6 0 
R = 4 
R = 5 
3 1 8 . 1 5 
8 5 4 . 7 1 
8 4 9 . 5 7 
8 3 8 . 8 2 
8 2 9 . 2 6 
8 2 0 . 4 2 
8 1 3 . 5 8 
8 0 7 . 7 5 
8 0 4 . 4 4 
8 0 1 . 6 8 
7 9 3 . 0 2 
7 8 3 . 3 0 
7 7 6 . 7 0 
7 6 8 . 1 3 
7 6 5 . 6 8 
323 .15 
856 ,11 
850 .62 
8 3 9 . 9 3 
8 3 0 . 4 8 
8 2 1 . 8 3 
8 1 4 . 8 6 
8 0 9 . 2 8 
8 0 5 . 6 3 
8 0 2 . 8 7 
7 9 4 . 2 8 
7 8 4 . 5 9 
7 7 8 . 0 2 
7 6 9 . 1 7 
7 6 7 . 0 8 
T(K) 
K 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
308.15 
764.23 
761.71 
753.78 
747.75 
738.66 
729.84 
723.68 
741.26 
738.29 
731.41 
724.37 
715.02 
707.31 
703.52 
313.15 
R = 6 
765.45 
762.76 
754.98 
748.76 
739.68 
731.09 
724.73 
R = 7 
742.86 
739.78 
732.78 
725.79 
716.07 
708.49 
704.38 
318.15 
766.94 
764.27 
756.19 
750.20 
740.74 
732.05 
725.78 
744.10 
740.83 
733.96 
726.66 
716.89 
709.26 
705.10 
323.15 
768.28 
765.37 
757.31 
751.31 
741.82 
733.08 
726.67 
745.52 
742.21 
735.28 
727.95 
718.15 
710.48 
706.41 
00 
c 
o 
••-> 
V) 
c 
o 
o 
w 
o 
"O 
o 
660 
8 4 0 h 
8 2 0 h 
8 0 0 h 
780h 
760 
7 4 0 ^ 
720h 
700h 
0.2 0.4 0.6 0.8 
X, mole f rac t i on of NaSCN 
1.0 
Fig.2.6: Plots of Wada' 
TABLE 2 . 8 : SURFACE TENSION (cT, dyne cm"^) OF [ x NaSCN+( 1-x) .:SCN 
+ RH2O (R = 4 to 7) SYSTEMS AS FUNCTIONS OF MOLE 
FRACTION OF NaSCN^ x AND R. 
T(K) 
X 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
308.15 
65.10 
65.58 
66.42 
67.25 
67.79 
68.27 
68.70 
61.30 
61.39 
62.01 
62.81 
63.10 
63.67 
63.71 
313.15 
R = 4 
64.65 
65.12 
66.02 
66.65 
67.29 
67.79 
68.22 
R = 5 
60.93 
61.04 
61.58 
62.13 
62.50 
63.05 
63.65 
318.15 
64.32 
64.85 
65.53 
66.02 
66.44 
66.78 
67.13 
60.51 
60.65 
61.07 
61.67 
61.89 
62.39 
62.43 
Con td . 
323.15 
63.93 
64.29 
64.98 
65.52 
65.96 
66.21 
66.66 
60.09 
60.20 
60.62 
61.20 
61 .42 
61.77 
61.95 
* • • 
T(K) 
X 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
308.15 
58.40 
58 .68 
59 .23 
59.54 
60.22 
60.64 
61.12 
313.15 
R = 6 
58 .02 
58 .22 
58 .81 
59 .02 
59.66 
60.16 
60.54 
318.15 
p 
57.75 
57.94 
58.39 
58.67 
59 .13 
59.56 
59.97 
323.15 
57.41 
57.50 
57.94 
58.18 
58.61 
58.99 
59.32 
R = 7 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
55.68 
55.90 
56.29 
56 .71 
57 .46 
57 .85 
58 .25 
55.45 
55.65 
55 .96 
56.40 
56 .98 
57.39 
57 .63 
55.10 
55 .22 
55.56 
55.87 
56.40 
56 .76 
56 .95 
54.8Ci 
54 .93 
55.22 
55.52 
56.01 
56.31 
56.51 
(Fig. 2.5) . 
Even though the Wada's constant in Table 2.7 shows an 
increase with increase in temperature but such an increase is 
very small. Th© B values have been found to change with 
composition(^ Fcd*- 2.-&)« 
The values of cr computed using equation/l .16j for th-^  
binary and the ternary solutions of sodium and potassium tnio-
cyanates (Table 2.8) decrease with increase in temperature. The 
surface tension of any solution is the direct consequence of 
its cohesive forces. Consequently, an increase in the tempe-
rature affects these cohesive forces which, in turn, result 
in lowering the surface tension. The values of cT have been 
found to increase with increase in the mole fraction of sodium. 
thiocyanate. This mav be attributed to an increase in the ion-
ion interaction. It has also been found to increase with dec-
rease in the H value. The addition of inorganic salts to 
water apparently causes an increase in the surface tension 
(and this corresponds to a desorption of salt from the surface 
region). 
C H A P T E R - I I I 
ISOTHERMAL COMPRESSIBILITY AND INTERNAL PRESSURE OF 
SODIUM AND POTASSIUM THIOCYANATES IN AQUEOUS MEDIUM. 
Introduction: Measurement of ultrasonic velocity and evalua-
tion of thermodynamic properties help in determining the inter-
121 
nal pressure of liquids . Internal pressure has been found 
12 3-12^  
to be a very useful parameter in the theory of liquid state 
1 ?«S 
S t a v e l y e_t _al_. by comparing the i n t e r n a l p r e s s u r e of the 
i n d i v i d u a l l i q u i d components, p r e d i c t e d i n t e r a c t i o n s in l i a u i c 
m i x t u r e s . The i n t e r n a l p r e s s u r e can be ob t a ined by using th=' 
127 128 
r e l a t i o n proposed by Buchler e_t a_l. ' Such a r e l a t i o n 
has e x t e n s i v e l y been used for the d e t e r m i n a t i o n of i n t e r n a l 
p r e s s u r e of molten s a l t s and l i q u i d me ta l s . Dunlop e_t a l . ' 
determined the i n t e r n a l p r e s s u r e of d i f f e r e n t l i q u i d mix tu res 
and compared them with t h e i r cohes ive energy d e n s i t y v a l u e s . 
The r e l a t i o n between the i n t e r n a l p r e s s u r e , energy and the mol-r 
volume i s of c o n s i d e r a b l e importance in the t heo ry of l i q u i d 
s t a t e . 
The Pseudo-Gruneisen parameter, f"* , is one of the use-
ful parameters in the study of thermodynamics o"^  any system. 
I t has been evaluated by several workers '"'"'^''••'^•'•. 
Various f lu id equations of s t a te based on the hard sphere 
model have recen t ly been proposed "" for the ca lcu la t ion of 
isothermal compress ib i l i ty of systems. 
In the present i nves t iga t ion the isothermal compressi-
b i l i t y , p-,, the in te rna l p ressure , p . , and the "Pseudo-Gruneisen 
parameter, ]"*, have been evaluated from the exoerimental u l t r a -
sonic velocities of the mixtures of sodium and potassium thio-
cyanates in aqueous medium. 
Theoretical; On the basis of the hard (or rigid) sphere mode: 
the theoretical values of isothermal compressibilities have 
been obtained by using the following relations: 
^ ^ ^ " ( l - y ) 3 ' ^'•'•' 
PV _ 1+y+y^-v^ 
'^'^^ ^ (l-y)3 ' 
(^ .^3) 
PV 
NkT (1-y) 
^ ; and (2.^ 
PV 1 
N^T - (,.^ )2 (2.5) 
where P, V, T, N, and k are the pressure, the volume, 
the absolute temperature, the Avogadro's number and the Boltz-
mann's constant, respectively, y is the packing function 
which is expressed as, 
3 
y - 6V ^^-^^ 
in which 'd' is the rigid sphere diameter of the molecules 
comprising the pure liquid. The value of 'd' has been calcu-
135 
le ted using the following expression : 
^/2 u . ^ . 1 / 4 
d""" = ^ rs (?^)"' (2.7) 
7.21 X 10 
where cr, T , and V are the surface tension, the critical 
' c 
temperature, and the molar volume, respectively. Critical tamp-
105 
erature has been calculated with the help of the equation, 
T 0.3 
V^ = V^ ( 1- f-) (2.6) 
c 
where, V and V^ are the molar volume at zero degree Kelvin 
' o T 
and that at the absolute temperature, T, respectively. 
The values of cr are obtained from the experimental 
114 
ultrasonic velocity by employing the Auerbach relation , 
^ 2/3 
u = ( 21 J—) (2.9) 
6.3 X 10 / 
(as already given in an e a r l i e r chapter) for evaluating d of 
equation 2 .7 . 
The isothermal compress ib i l i t i es , p^, corresponding tc" 
equations (2.1) to (2.5) are given by, 
PT = - ! • ^"^ y^^ ; (2.10) 
^ R T (l+2y)^ 
n _ _V ( l - v ) - ^ . r9 1 M 
PT ~i • ^ o =5 » 12 . l i ) 
^ R T l+5y+9y -Sy"^ 
I 
iizll' 
R T i+Ay+Ay'^-Ay^+Y^ 
( 2 . 1 2 ) 
j ^ ' ^ • ( l + 3 y ) ' 
R' T 
\=r^ ; and ( 2 . 1 3 ) 
• (1+y) ' ( 2 . 1 4 ) 
r e s p e c t i v e l y . Th© i n t e r n a l p r e s s u r e can be c a l c u l a t e d by u s i n g 
1 O i i 
t h e f o l l o w i n g r e l a t i o n : 
^ i ^^^^ " "B^  " ^ ' ^ ( 2 . 1 5 ) 
where P . , V, d , b , R , and T a r e t h e i n t e r n a l p r e s s u r e , the 
o l a r vo lume , t h e m o l e c u l a r d i a m e t e r , the s h o r t e s t d i s t a n c e 
be tween t h e n e a r e s t n e i g h b o u r s ^ t h e gas c o n s t a n t , and the a b s o -
l u t e t e m p e r a t u r e , r e s p e c t i v e l y . The volume p a r a m e t e r , i r ( = -q) , 
i s r e l a t e d to t h e d i s t a n c e be tween t h e n e a r e s t n e i g h b o u r s as 
f o l l o w s : 
m 
-3 
2 ' V 
which, in turn, can be rearranged to express b, as follows; 
1/6 1/3 
By substituting the value of b from equation(2.17)into 
equation ( 2 . 1 5 ) , one ge t s , 
The Pseudo-Gruneisen parameter, f"" » c^ f^  be caLculetev 
by using the following expression: 
r = 3 t i (2.19) 
where y and a stand for the specif ic heat r a t i o and the 
thermal expansion coe f f i c i en t , r e s p e c t i v e l y . 
The speci f ic heat r a t i o can be obtained by using the 
r e l a t i o n , 
P j = Pg Y (2.2C) 
where p is the adiabatic compressibility. Th© thermal 
expansion coefficient, a is obtained from the density 
, . 121 
equation , 
Results and Discussion; 
The isothermal compressibilities, p^, of binary and 
ternary solutions of sodium and potassium thiocyanates have 
been computed using equations (2.10) to (2.14). The results 
TABLE 3 . 1 : iSOTHiRMAL COMPRESSIBILITY, p ^ ( I 0 * \ c m 2 dyne"^ ' 
FOR [x NaSCN + ( l - x ) KSCN] + RH 0 (R ^ 4 to 7) 
SYSTEMS AT 308 .15K. 
Eqs: 
X 
0 . 0 
0 . 1 
0 . 3 
0.5) 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
2.10 
3.19 
3.09 
3.00 
2 .94 
2.76 
2 .67 
2 .63 
3.36 
3.28 
3.16 
3.01 
2 .95 
2 .86 
2 .80 
3.47 
3.41 
2 .11 
R 
4 .21 
4 .09 
3.97 
3.91 
3.70 
3.59 
3.54 
R = 
4 .35 
4 .26 
4 . 1 3 
3.95 
3.88 
3.77 
3.71 
R = 
4 .45 
4 .38 
2.12 
= 4 
3.47 
3.37 
3.27 
3.21 
3.02 
2.92 
2.88 
= 5 
3.63 
3.55 
3.43 
3.27 
3.21 
3.11 
3.05 
6 
3.75 
3.69 
2 .13 
8.36 
8.15 
7.94 
7.81 
7.43 
7.24 
7.14 
8.54 
8.39 
8.14 
7 .83 
7.70 
7.50 
7.38 
8.66 
8.54 
3 o n t d . . . . 
2 .14 
13.35 
13.04 
12.71 
i : ^ 5 0 
11.94 
11.65 
11.50 
13.54 
13.32 
12.95 
12.48 
12.28 
11.98 
11.81 
13.65 
13.48 
Hqs: 
X 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1.0 
2.10 
3.31 
3.20 
3.08 
2.99 
^.93 
3.57 
3.59 
3.46 
3.41 
3.28 
3.14 
3.05 
2.11 
4.26 
4.14 
4.00 
3.89 
3.81 
R = 
4.55 
4.55 
4.41 
4.35 
4.20 
4.04 
3.94 
2.12 
3.58 
3.47 
3.34 
3.24 
3.17 
7 
3.85 
3.86 
3.72 
3.67 
3.54 
3.39 
3.30 
2.13 
8.32 
8.11 
7.85 
7.65 
7.52 
8.78 
8.79 
8.53 
8.42 
8.15 
7.88 
7.70 
2.14 
13.16 
12.84 
12.46 
12.15 
11.95 
13.79 
13.80 
13.43 
13.25 
12.85 
12.45 
12.19 
TABLE 3 . 2 : INT£RNAL PRHSSURE, Pj_ (lO"-"-*^ dyne cra"^) AS 
FUNCTIONSCF MOLE FRACTION (x ) AND R FOR 
[ x NaKSCN + ( l - x ) K S C N ] + RH2O (R = 4 to 7) 
SYSTEMS AT 3 0 8 . 1 5 K . 
7 
0 . 0 
0 . 1 
0 .3 
C.5 
0 . 7 
0 . 9 
1.0 
0.592 
0.603 
0.016 
0.625 
0 .647 
0.660 
0 .668 
0.597 
0.604 
0.618 
0.636 
0.645 
0.659 
0.666 
0.602 
0.608 
0.620 
0.632 
0.648 
0.662 
0 .671 
0.603 
0.604 
0 .617 
0.625 
0 .641 
0.657 
0.667 
TABLE 3 . 3 : PSiEUDO-GRUNHISEN PARAA i^ETHR, " P f o r 
[x NaSCN + ( 1 - x ) :<SCN] + RH2O (R = 4 to 7) 
SYSTEMS AT 3 0 8 . 1 5 K . 
R 4 5 6 7 
0 . 0 6 . 9 7 3 6 . 3 9 7 5 . 8 6 6 5 . 3 1 4 
0 . 1 6 . 5 7 8 6 .032 5 . 6 9 4 5 . 4 7 1 
0 . 3 6 . 3 6 1 5 . 6 7 8 5 .409 5 . 0 4 3 
0 . 5 6 . 3 7 8 5 . 1 8 1 5 .035 4 . 9 9 6 
0 . 7 5 . 5 30 5 . 0 1 2 4 . 6 8 9 4 . 6 6 9 
0 . 9 5 . 2 1 1 4 . 7 5 8 4 . 3 8 4 4 . 2 1 2 
1.0 5 . 1 2 0 4 . 5 0 0 4 . 2 4 7 3 .947 
are given in Table 3 . 1 . The isothermal compress ib i l i t i e s have 
been found to increase with decrease in the ionic concentration 
( i . e . with increase in R values) and decrease vjith increase 
in the mole f r a c t i o n , x. 
The values of in t e rna l p ressure , P . , ca lcula ted using 
equation (2.18) are l i s t e d in Table 3 .2 . The values of P^ have 
been found to be affected by v a r i a t i o n s in temperate.-- as well 
as in composition. I t increases (Table 3.2) with increase in 
the mole f r ac t ion of sodium thiocyanate and decreases with 
decrease in the R va lues . This may be a t t r i b u t e d to an inc-
rease in the i n t e r ac t i on of solute and water with the increase 
in the concentra t ion of aqueous solut ion of mixed molten e l e -
c t r o l y t e s . 
An examination of Table 3.3 revea ls tha t the values of 
Pseudo-Gruneisen parameter, J"" , computed using equation (2.19'. 
for the binary and the ternary so lu t ions are affected by var ia -
t ions in temperature as well as in composition. The values cf 
7"* also suggest tha t the so lu t e - so lu t e and the solute-water 
i n t e r ac t i ons increase with increase in the concentrat ion of 
aqueous binary and ternary so lu t ions of sodium and potassium 
th iocyanates . 
C H A P T E R - IV 
APPLICATION OF FLORY THEORY TO MIXTURES OF SODIUM AND 
POTASSIUM THIOCYANATES IN AQUEOUS MEDIUM. 
nn 
or, QA 
Introduction; Recently, the F l o r y ' s s t a t i s t i c a l theory ' 
has been developed for the exact r epresen ta t ion of the l inuid 
s t a t e of non-polar l i qu ids and t h e i r mixtures . This theory 
i s simple to e labora te and has no adjustable parameters . Due 
to i t s mathematical s impl ic i ty and f l ex ib le na ture , i t has 
been ex tens ive ly used for pred ic t ing the various p roper t i es 
of l i q u i d s . Or ig ina l ly meant for pure l i q u i d s , i t has been 
successful ly extended to binary l iquid mixtures by Flory anc 
, 137-145 
co-workers 
I t has the advantage of co r r e l a t ing the various excess 
therraodynamic oroper t i es of binary l iquid mixtures to measura-
ble macroscopic p roper t i e s of pure components. I t has been 
adequately employed to ca l cu la t e the reduced and the charac ter -
i s t i c thermodynamic parameters of l i q u i d s , which in turn, c^ n^ 
be employed to evaluate the i n t e r a c t i o n parameter, X,-^, the 
v i s c o s i t y , T}, the u l t r a son ic v e l o c i t y , u, the surface tension, 
(T , the free energy, G, the entropy, the excess v i scos i ty , n", 
the excess molar volume, V , the excess f ree energy of mixing, 
E E 
AG'^, the excess entropy of mixing, AS , and s imi lar other 
thermodynamic q u a n t i t i e s . 
13 7_ 141=) 
A tremendous amount of work ' ' -^ has been done to 
inves t iga te the a p p l i c a b i l i t y of th i s theory to a wide v?:rietv 
of room temperature l i qu ids and the i r binary mixtures . Manv 
attempts have a lso been made to examine the f e a s i b i l i t y of th i s 
theory to molten s a l t s and t h e i r mixtures ' . Furthermore, 
in combinat ion wi th the f ree-volume theory i t may be s u c c e s s -
14 6 f u l l y app l i ed to ion ic systems as wel l 
A c l o s e agreement between the expe r imen ta l and the 
computed v a l u e s of some of the p r o p e r t i e s (based on F l o r y ' s 
s t a t i s t i c a l theory ) in systems of va r i ed na tu re has led to 
examine i t s f e a s i b i l i t y in the c a s e s of m i x t u r e s of concen-
t r a t e d aqueous s o l u t i o n s of sodium and potass ium t h i o c y a n a t e s 
Theoret ica l Sec t ion; 
Treatment of da t a of pure components; The thermal exoansion 
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coefficient, a, is obtained using the density data , 
a = 7 (|f) (3.1) 
as a l r eady g iven in an e a r l i e r c h a p t e r . 
The F l o r y ' s ' reduced e q u a t i o n of s t a t e i s given a s , 
1/3 ri/3 P V / T = [V / (V^' '^- 1 ) ] - 1/vf. ( 3 .2 ) 
This e q u a t i o n i s of the sane form as t h a t given by Eyring 
and H i r s c h f e l d e r ' . The reduced q u a n t i t i e s , such as 
the reduced volume, V, the reduced t e m p e r a t u r e , T, and the 
reduced p r e s s u r e , ? , are expres sed a s , 
V =V/^ ; ( q .3 ) 
? = P/P* ; and (1 .4 ) 
70 . 
f - T/T* (3 .5 ; 
where V,P, and T represent the molar volume, the atmosone-
ric pressure, anci the absolute temperature, r e spec t i ve ly . T'\e 
reduced volume, V, i s also given as , 
1/3 
V - 1 = a T / 3(1 + aT) (3.6) 
in terms of the coefficient of thermal expansion, a, at tem-
perature, T, and pressure, P = 0. In addition to low pressure, 
it can be utilized at atmospheric pressure as well with a neg-
ligible magnitude of error. Having thus calculated the reduced 
volume by using the thermal expansion coefficient, the reduced 
temperature is obtained by employing the relation, 
_l/3 
T = 5^-^. (3.7) 
From the reduced eguation of s t a t e , the c h a r a c t e r i s t i c p ress -
* 
ure , P , i s given as. 
P* = Y T V^ (3.8) 
^ P Where y = {^)y = f- (3.9) 
in which y i s the thermal pressure coe f f i c i en t a t P = C 
and ^j i s the isothermal compres s ib i l i t y . 
For the ease of c a l c u l a t i o n , the aqueous (binary) 
solut ions of NaSCN and those of KSCN of varying concentration 
are regarded as single entities for computing the various 
reduced and the characteristic parameters. 
Treatment of data of binary mixtures: 
The reduced volume of mixtures is obtained by employin; 
the expression, 
V = J -~j (3.10) 
X V^ + (1-x) V2 
The reduced temperature i s expressed as , 
f = (IJJ, p ; T^  . Ijl2 P; Ts^ /^Vl " ^^ 2^ 2 - l^lS ^12) ^3.11) 
in which 9 , ill, and X,2 represent the s i t e f r ac t i on , th^ 
segment f r a c t i o n , and the i n t e r ac t i on parameter, r e spec t ive ly . 
Subscr ipts 1 and 2 re fer to the two components. 
The c h a r a c t e r i s t i c parameters are evaluated using the 
following express ions: 
V* = X V* + (1-x) V^ ; (3.12) 
P* = IjJ^ P* + ljl2P2 - lfi©2 ^12' "^"^  ^^-^^'^ 
,.. J ill D •'-
T* 
l|),P, lll^P^ 
= (-Hr- -^  -T^ ) ^^i^l + h^^l - 1^ i®2 ^12^ ^3.1^ )^ 
U ^2 
where x and ( l - x ) represent the mole f r ac t ion of component^ 
1 and 2 in the binary mixture. The segment f r ac t i ons , l]j, and 
lljp, the s i t e f r a c t i o n s , 0 , and 0^ , and the i n t e r a c t i o n pa ra -
meter , X, ^ , for the components are given a s , 
(1-x) 
^2 = 1 - ifi = V ^ ; (3 .15) 
(1-x) + X ( - ^ ) 
e„ = 1 _ 9, = ^ - ^ ; and (3 .16) 
^ ^ V: -1/3 
^2 
^ \ ^ - 1 / 6 P^ 1/2 2 
^12 = P i [1 - ( ^ ) ( -1) ] • (3.1-:') 
The reduced volume of mix ture can =lso be ob ta ined by 
an a l t e r n . s t i v e method. The i d e a l reduced volume, V i s define-
o 
^o = f l ^1 ^1^2 ^2 ' (3.1&) 
and the i d e a l reduced t e m p e r a t u r e , T a s , 
' o 
^ 1 / 3 4 / 3 
To = ^ \ - 1) / ^ o • (^-19) 
The excess reduced volume i s e x p r e s s e d a s , 
V"^  = UV / 6T) (T - T^) 
^ 7 / 3 . ^ 1 / 3 - 1 ^ _ 
=Vo (3 - ^o ) (T - T^); (3 .20) 
while V^^,^^^ =V^ - V^ . (3 .21) 
Excess volume; The observed reduced volume ob ta ined by using 
equa t ion (3 .10) and the excess reduced volume a re r e l a t e d to 
each o t h e r in the fo l lowing manner: 
^ o b d . - ^ o = V^ = V - / ( x V j M l - x ) V ^ ) . (3 .22) 
where V is given by equation (3.18). From equations (3.22) 
and (3.18) one obtains, 
V^ = (x V^ + (1-x) V*) [V - (ljJj_V^  + l)J2V2)]- (3.23) 
The thermodynamic functions of mixing can be expressed 
in terms of the solution activation energy, AG , the oure 
liquid activation energies, AG, and AGp, and the excess 
14Q 
free energy of mixing, AGr: as follows: 
Z^ G = X AG* + (1-x) AG* - AGj^. (3.24) 
V i s c o s i t y ; The v i s c o s i t y of pure component i i s r e l a t e d 
to the s o l u t i o n a c t i v a t i o n ene rgy , A G . , as f o l l ows : 
r)^ = A exp [ A G * / R ' T + (V^^  - l ) ] (3 .25) 
I 
where R i s the gas c o n s t a n t . 
^•.'i 
Taking the logarithm of equation (3.25), one gets, 
/n n^ = /n A + A G * / R ' T + (V^ -1) . (3.26) 
By applying e q u a t i o n (3 .26) to a s o l u t i o n and i t s pure compo-
n e n t s , t he excess v i s c o s i t y may be expressed a s . 
A / n T) = / n r)^^^ - ( x / n r)^ + (1 -x) / n r]^) . (3 .27) 
By s u b s t i t u t i n g the v a l u e s of AG and r). from equa t ion 
(3 .24) and (3 .25) in to e q u a t i o n ( 3 . 2 7 ) , the a c t i v a t i o n e n e r -
g i e s are e l i m i n a t e d and Atn T] i s r e l a t e d to the f r ee energy 
of mixing by, 
A/n T) = - AG /R T + ;3 :z ::: (3 .28) 
V-1 V^-1 V2-I 
From e q u a t i o n s (3 .27) and ( 3 . 2 8 ) , one g e t s , 
In r] . = - A G . , / R T + + x in T I , + ( 1 - X ) In 
^ V-1 V , - l V . - l ^ 
^ ^ ( 3 . 2 9 ) 
where "n, and rj^  are the viscosities of the pure compo-
nents in a binary mixture. The free energy of mixing is 
expressed as, 
^,c 
^1/3^ 1 
AG,, = X P! v! [(ir -h-) + 3 T, /n(^\ " )] + 
^' 1 ^ V^ V -^  ^l/3_ ^  
.1/3 
(1-x) P*V; [(;3^  . 4-) + 3 T2 /n ( ^ ^ ^  " ^ )] + 
2 2 v^ V 9^ 1/3 _ ^ 
X V* 02 X^2 ^  (3.3C) 
in which all the symbols have their usual meaning. Here, in 
the present work, the ternary solutions of mixed sodium and 
potassium thiocyanates in aqueous media are treated as binary 
mixtures for the ease of calculation (without introducing 
much error). 
Results and Discussion; 
The thermal expansion coefficients of binary and 
ternary solutions of sodium and potassium thiocyanates evalua-
ted by using equation (3.l) are listed in Table 4.1. The V^, ,. 
of binary (obtained by using equation (3.6)) and ternary 
(calculated using eqs. (3.10) and (3.21)) solutions listed in 
Table 4.2 are found to increase with increase in temperature. 
An examination of Table 4.2 shows that the values of 
V , ^  are almost unaffected by variations in the mole fraction: 
of sodium and potassium thiocyanates. This may be attributr^ ci 
to an almost equal size of the sodium and potassium ions. 
Similarly, variations in the R values seem to have insigni-
TBALE 
T(K) 
X 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1.0 
0 . 0 
C). 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
4 . 1 : THERMAL HXPANS 
THE 
(R = 
3 0 8 . 1 5 
0 . 4 0 0 2 
C. 40 82 
0 . 4 1 3 8 
0 . 4 1 2 9 
0 . 4 1 8 4 
0 . 4 1 3 1 
0 . 4 2 8 6 
0 . 4 3 2 5 
0 . 4 3 0 8 
0 . 4 4 1 3 
0 . 4 4 3 6 
0 . 4 0 2 8 
0 . 4 1 0 8 
0 . 4 1 9 6 
0 . 4 1 9 2 
0 . 4 1 8 6 
0 . 4 3 1 6 
0 . 4 3 0 7 
0 . 4 3 6 4 
SYSTiM: [ x 
:: 4 to 7) . 
3 1 3 . 1 5 
0 . 3 9 9 4 
0 . 4 0 7 3 
0 . 4 1 2 9 
0 . 4 1 2 0 
0 . 4 1 7 5 
0 . 4 1 2 2 
0 . 4 2 7 7 
0 . 4 3 1 5 
0 . 4 2 9 9 
0 . 4 4 0 3 
0 . 4 4 2 6 
0 . 4 0 2 0 
0 . 4 0 9 9 
0 . 4 1 8 7 
0 . 4 1 8 3 
0 . 4 1 7 8 
0 . 4 3 0 7 
0 . 4 2 9 8 
0 . 4 3 5 4 
ION C05FFIC 
NaSCN + 
3 1 8 . 1 5 
R = 
0 . 3 9 8 6 
0 . 4 0 6 5 
0 . 4 1 2 1 
0 . 4 1 1 2 
0 . 4 1 6 7 
0 . 4 1 1 4 
0 . 4 2 6 8 
0 . 4 3 0 6 
0 . 4 2 9 0 
0 . 4 3 9 3 
0 . 4 4 1 7 
R = 
0 . 4 0 1 2 
0 . 4 0 9 1 
0 . 4 1 7 8 
0 . 4 1 7 4 
0 . 4 1 6 9 
0 . 4 2 9 7 
0 . 4 2 8 9 
0 . 4 3 4 5 
( 1 
: 4 
5 
I£NT ( a , 
- x ) KSCN] 
3 2 3 . 1 5 
0 . 3 9 7 8 
0 . 4 0 5 7 
0 . 4 1 1 2 
0 . 4 1 0 3 
0 . 4 1 5 8 
0 . 4 1 0 6 
0 . 4 2 5 9 
0 . 4 2 9 7 
0 . 4 2 8 1 
0 . 4 3 8 3 
0 . 4 4 0 7 
0 . 4 0 0 4 
0 . 4 0 8 3 
0 . 4 1 7 0 
0 . 4 1 6 5 
0 . 4 1 6 0 
0 . 4 2 8 8 
0 . 4 2 8 0 
0 . 4 3 3 5 
10^' K ^) OF 
+ RHpC 
3 2 8 . 1 5 
0 . 3 9 7 1 
0 . 4 0 4 9 
0 . 4 1 0 4 
0 . 4 0 9 5 
0 . 4 1 4 9 
0 . 4 0 9 7 
0 . 4 2 5 0 
0 . 4 2 8 8 
0 . 4 2 7 1 
0 . 4 3 7 4 
0 . 4 3 9 7 
0 . 3 9 9 6 
0.4CI74 
0 . 4 1 6 1 
0 . 4 1 5 7 
0 . 4 1 5 2 
0 . 4 2 7 9 
0 . 4 2 7 0 
0 . 4 3 2 6 
C o n t d . 
^31.1=^ 
C . ^963 
C .4040 
C.4095 
C.4086 
0 . 4 1 4 1 
0 .4089 
C.4241 
C .4.^79 
0.4.: '52 
0 . 4 ] 6 ' i 
0 . 4 3 8 7 
0 . 3 9 8 8 
0 . 4 0 b 6 
0 . 4 1 5 2 
0 . 4 1 4 8 
C .414^ 
0 . 4 2 70 
0 . 4 2 6 1 
0 . 4 3 1 7 
T : ; 
T(K) 
X 
0 . 8 
0 . 9 
1 .0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 . 0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
3 0 8 . 1 5 
0 . 4 3 8 3 
0 . 4 4 3 5 
0 . 4 5 1 2 
0 . 4 0 6 0 
0 . 4 1 0 4 
0 . 4 1 4 4 
0 . 4 1 7 3 
0 . 4 2 8 4 
0 . 4 2 7 2 
0 . 4 3 1 4 
0 . 4 3 6 5 
0 . 4 4 0 3 
0 . 4 4 5 0 
0 . 4 4 8 7 
0 . 4 1 2 7 
0 . 4 0 9 0 
0 . 4 1 5 3 
0 . 4 1 9 8 
0 . 4 2 6 4 
0 . 4 2 1 0 
313 .15 
0 . 4 3 7 4 
0 . 4 4 2 5 
0 . 4 5 0 2 
0 . 4 0 5 2 
0 . 4 0 9 6 
0 . ^ ^ 3 5 
0 . 4 1 6 4 
0 . 4 2 7 4 
0 . 4 2 6 3 
0 . 4 305 
0 . 4 3 5 5 
0 . 4 3 9 4 
0 . 4 4 4 0 
0 . 4 4 7 7 
0 . 4 1 1 8 
0 . 4 0 8 2 
0 . 4 1 4 5 
0 . 4 1 8 9 
0 . 4 2 5 5 
0 . 4 2 0 1 
3 1 8 . 1 5 
0 . 4 3 6 4 
0 . 4 4 1 5 
0 . 4 4 9 1 
R = 6 
0 . 4 0 4 4 
0 . 4 0 8 7 
0 . 4 1 2 7 
0 . 4 1 5 6 
0 . 4 2 6 5 
0 . 4 2 5 4 
0 . 4 2 9 6 
0 . 4 3 4 6 
0 . 4 3 8 4 
0 . 4 4 3 0 
0 . 4 4 6 7 
R = 7 
0 . 4 1 1 0 
0 . 4 0 7 3 
0 . 4 1 3 6 
0 . 4 1 8 0 
0 . 4 2 4 6 
C . 4 1 9 2 
3 2 3 . 1 5 
0 . 4 3 5 5 
0 . 4 4 0 6 
0 . 4 4 8 1 
0 . 4 0 3 6 
0 . 4 0 7 9 
0 . 4 1 1 8 
0 . 4 1 4 7 
0 . 4 2 5 6 
0 . 4 2 4 4 
0 . 4 0 36 
0 . 4 3 3 6 
0 . 4 3 7 4 
0 . 4 4 2 0 
0 . 4 4 5 7 
C .4101 
0 . 4 0 6 5 
0 . 4 1 2 8 
0 . 4 1 7 1 
0 . 4 2 37 
0 . 4 1 8 3 
3 2 8 . 1 5 
0 . 4 3 4 5 
0 . 4 3 9 6 
0 . 4 4 7 1 
0 . 4 0 2 7 
0 . 4 0 7 1 
0 . 4 1 1 0 
0 . 4 1 3 9 
0 . 4 2 4 7 
0 . 4 2 3 6 
0 . 4 2 7 7 
0 . 4 3 2 7 
0 . 4 3 6 5 
0 . 4 4 1 0 
0 . 4 4 4 7 
0 . 4 0 9 3 
0 . 4 0 5 7 
0 . 4 1 1 9 
0 . 4 1 6 3 
0 . 4 2 2 8 
0 . 4 1 7 5 
C o n t d , , , 
3 3 3 . IS 
C . 4 3 ] (> 
0 . 4 3 3 6 
C . 4 4 o l 
0 . 'X): 9 
0 . 4 0 6 2 
0 . 4 1 C 1 
0 . 4 1 3C 
0 . 4 2 3 8 
C . 4 9;:>7 
C . 4 2 6 8 
C . 4 11 8 
." . 4 3 " " 
C . 4 4 0 I 
0 .4 /133 
C . ^ C B D 
C . 4 C 4 9 
C' . 4 ], 1 I 
C . 4 1 5 4 
0 . 4 3 1 Q 
C ..4 1 3M 
T(i<) 
X 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1.0 
308 .15 
0 . 4 3 0 2 
0 . 4 2 9 7 
0 . 4 4 6 2 
0 . 4 4 2 9 
0 . 4 5 1 6 
313.15 
0 . 4 2 9 3 
0 . 4 2 8 8 
0 . 4 4 5 2 
0 . 4 4 1 9 
0 . 4 5 0 6 
318 .15 
0 . 4 2 8 4 
0 . 4 2 7 8 
0 . 4 4 4 2 
0 . 4 4 1 0 
0 . 4 4 9 6 
323 .15 
0 . 4 2 7 5 
0 . 4 2 6 9 
0 . 4 4 3 2 
0 . 4 4 0 0 
0 . 4 4 8 6 
328.15 
0 . 4 2 6 6 
0.426C' 
0 . 4 4 2 3 
0 . 4 3 9 0 
0 . 4 4 7 6 
333.15 
0 . 4 ? 5 o 
C . 4 : " D I 
0.4 / : 13 
0 . i '^  S1 
0 . ' i 4o6 
V 
V 
f i can t e f fec t s on the V^j^^ va lues . The values of ^^^^^ ^nd 
V , are found to be in good agreement with each other . 
C 3X CCi • 
The parameters ill, 0 , and X,^ required for the ca l -
cula t ion of the c h a r a c t e r i s t i c and the reduced quan t i t i e s nave 
been o l c ^ l a t e d using equations (3 .15) , ( 3 . 1 6 ) , and ( 3 . 1 7 ; , 
r e s p e c t i v e l y . The values of IJJ, 9 , and X,2 ^^^ l i s t e d in 
Tables 4 .3 to 4 . 5 . An examination of Tables 4.3 and 4.4 shows 
tha t the values of IJJ and 0 are unaffected by va r i a t ions in 
temperature and R va lues . However, they are found to increase 
'vith increase in the mole f r ac t i on of sodium th iocyanate . The 
alues of i n t e r ac t i on parameter, X,2» 3^s found to be unaffec-
ted by v a r i a t i o n s in mole f r ac t ion of sodium thiocyanate . 
An examination of Table 4.5 reveals tha t X, j , decreases 
with increase in temperature and increases with decrease in the 
ri values ( i .e .increase in the ionic concentrat ion of solution'- . 
The reduced temperature, T values for the binary and 
the ternary so lu t ions ca lcu la ted using equations (3.7) and 
(3 .11 ) , r e spec t ive ly , are l i s t e d in Table 4 . 6 . The T values 
are found to increase with temperature in the so lu t ions s tu-
died . Also, they increase with increase in the mole f ract ion 
of sodium thiocyanate as well as the R value i . e . the T 
values are found to decrease with increase in the ionic concen-
t r a t i o n of these so lu t ions . 
The values of c h a r a c t e r i s t i c volume, V , or the hard 
TABLE 4 . 2 : REUUCiED VOLUME (V^j^^^ and V(.gj_^^J OF TH£ SYSTEIv'; 
[ x NaSCN + ( 1 - x ) KSCN] + RH^O WITH R = 4 to 7 . 
T(K) 3 0 8 . 1 5 3 1 3 . 1 5 3 1 8 . 1 5 3 2 3 . 1 5 3 2 8 . 1 5 3 3 3 . . 5 
X 
R = 4 
0 . 0 1 .114 1.115 1 .117 T T l l S 1 .120 1 .121 
0 . 1 1 .113 1 .115 1 .117 1 .118 1 .120 1 .121 
( 1 . 1 1 5 ) * ( 1 . 1 1 6 ) ( 1 . 1 1 8 ) ( 1 . 1 1 9 ) ( 1 . 1 2 1 ) ( 1 . 1 2 2 ) 
0 . 2 1 .114 1 .116 1 .117 1.119 1 .121 1.122 
( 1 . 1 1 6 ) ( 1 . 1 1 8 ) ( 1 . 1 1 9 ) ( 1 . 1 2 1 ) ( 1 . 1 2 2 ) ( 1 .124J 
0 . 3 1 .114 1 .115 1 .117 1 .118 1 .120 1.121 
( 1 . 1 2 0 ) ( 1 . 1 2 1 ) ( 1 . 1 2 3 ) ( 1 . 1 2 4 ) ( 1 . 1 2 6 ) ( 1 . 1 2 7 ) 
0 . 4 1 .113 1.115 1 .116 1 .118 1 .119 1 .121 
( 1 . 1 2 2 ) ( 1 . 1 2 4 ) ( 1 . 1 2 5 ) ( 1 . 1 2 7 ) ( 1 . 1 2 8 ) (1 .13C) 
0 . 5 1 .116 1 .117 1 .119 1 .120 1 .122 1.123 
( 1 . 1 2 2 ) ( 1 . 1 2 4 ) ( 1 . 1 2 6 ) ( 1 . 1 2 7 ) ( 1 . 1 2 9 ) (1 .13C) 
0 . 6 1 .115 1 .117 1.119 1.120 1 .122 1.123 
( 1 . 1 2 5 ) ( 1 . 1 2 7 ) ( 1 . 1 2 8 ) ( 1 . 1 3 0 ) ( 1 . 1 3 1 ) ( 1 . 1 3 3 ) 
0 . 7 1 .119 1 .121 1 .122 1.124 1 .125 1.127 
( 1 . 1 2 4 ) ( 1 . 1 2 5 ) ( 1 . 1 2 7 ) ( 1 . 1 2 9 ) ( 1 . 1 3 0 ) ( 1 . 1 3 2 ) 
0 . 8 1 .120 1 .122 1 .123 1.125 1 .126 1 .128 
( 1 . 1 2 5 ) ( 1 . 1 2 7 ) ( 1 . 1 2 7 ) ( 1 . 1 3 0 ) ( 1 . 1 3 2 ) ( 1 . 1 3 3 ) 
0 . 9 1 .126 1.127 1 .129 1.130 1.132 1 .133 
( 1 . 1 2 2 ) ( 1 . 1 2 4 ) ( 1 . 1 2 5 ) ( 1 . 1 2 7 ) ( 1 . 1 2 9 ) (1 .13C) 
C o n t d . . . 
T(;<) 308.15 313 .15 318.15 323.15 328.15 333.15 
X 
1.0 1.125 1.127 1.128 1.130 1.131 1.13' 
R = 5 
0 . 0 1.115 1.116 1.118 1.119 1.120 1.122 
0 . 1 1.117 1.119 1.120 1.122 1.123 1.125 
(1 .113) (1 .114) (1 .116) (1 .117) (1 .118) (1 .120) 
0 .2 1.116 1.118 1.119 1.121 1.122 1.124 
(1 .117) (1 .118) (1 .119) (1 .121) (1 .122) ( 1 . 1 . 4 ) 
0 . 3 1.118 1.120 1.121 1.123 1.124 1.126 
(1 .117) (1 .119) (1 .120) (1 .122) (1 .123) (1 .124) 
0 . 4 1.116 1.118 1.119 1.121 1.122 1.124 
(1 .122) (1 .123) (1 .125) (1 .126) (1 .128) (1.13C) 
0 . 5 1.117 1.119 1.121 1.122 1.124 1.125 
(1 .123) (1 .125) (1 .126) (1 .128) (1 .129) ( l . l 3 l ) 
0 . 6 1.119 1.121 1.123 1.124 1.126 1.127 
(1 .124) (1 .126) (1 .127) (1 .129) (1 .130) (1.132) 
0 . 7 1.122 1.124 1.125 1.127 
(1 .124) (1 .126) (1 .127) (1 .129) 
0 . 8 1.123 1.124 1.126 1.128 
(1 .126) (1 .128) (1 .129) (1 .131) 
1.128 1.130 
(1 .130) (1 .132) 
1.129 1.131 
(1 .132) (1.134) 
0 . 9 1.123 1.125 1.126 1.128 1.130 1.131 
(1 .128) (1 .130) (1 .131) (1 .133) (1 .135) (1 .136) 
C o n t d . . . 
T(K) 308.15 313 .15 318.15 323.15 328.15 333.15 
X 
1.0 1.127 1.129 1.130 1.132 1.133 1.135 
R = 6 
0 .0 1.115 1.117 1.118 1.120 1.121 I .123 
0 . 1 1.118 1.120 1.122 1.123 1.125 1.126 
(1 .113) (1 .114) (1 .116) (1 .117) (1 .119) (1 .120) 
0 .2 1.120 1.122 1.123 1.125 1.126 1.128 
(1 .113) (1 .115) (1 .117) (1 .118) (1 .119) ( 1 . 1 1) 
0 . 3 1.121 1.122 1.124 1.125 1.127 1.128 
(1 .115) (1 .117) (1 .119) (1 .120) (1 .122) (1 .15 3) 
0 .4 1.129 1.131 1.132 1.134 1.136 1.137 
(1 .110) (1 .111) (1 .113) (1 .114) (1 .115) (1 .117) 
0 . 5 1.127 1.128 1.130 1.131 
(1 .114) (1 .116) (1 .117) (1 .119) 
1.133 1.134 
(1 .120) ( 1 . 1 2 . ) 
0 . 6 1.130 1.131 1.133 1.135 
(1 .114) (1 .115) (1 .117) (1 .118) 
1.136 1.138 
(1 .120) (1 .121) 
0 . 7 1.127 1.129 1.130 1.132 1.134 1.135 
(1 .119) (1 .120) (1 .122) (1 .123) (1 .125) (1 .126) 
0 . 8 1.129 1.1.30 1.132 1.133 1.135 1.137 
(1 .120) (1 .121) (1 .123) (1 .124) (1 .126) (1 .127) 
C o n t d . . . . 
T(K) 303.15 313 .15 318.15 323.15 328.15 333.15 
1.0 
0 .9 1.129 1.131 1.132 1.134 1.135 1.137 
(1 .122) (1 .123) (1 .125) (1 .126) (1 .128) (1 .129) 
1.126 1.128 1.130 1.131 
R = 7 
1.133 
0 . 0 1.117 1.119 1.120 1.122 
1 .134 
1.123 1.125 
C . l 1.119 1.121 1.122 1.124 1.125 1.126 
(1 .116) (1 .117) (1 .119) (1 .120) (1 .122) (1 .124) 
0 . 2 1.122 1.123 1.125 1.126 1.128 1.129 
(1 .115) (1 .117) (1 .118) (1 .120) (1 .121) (1 .123) 
0 . 3 1.123 1.124 1.126 1.127 1.129 1.130 
(1 .117) (1 .118) (1 .120) (1 .121) (1 .123) (1 .125) 
0 .4 1.126 1.127 1.129 1.130 
(1 .116) (1 .117) (1 .119) (1 .120) 
1.132 1.133 
(1 .122) (1 .124) 
0 . 5 1.126 1.127 1.129 1.130 
(1 .118) (1 .120) (1 .121) (1 .123) 
1.131 1.133 
(1 .125) (1 .126) 
0 .6 1.124 1.126 1.127 1.129 1.130 1.132 
(1 .122) (1 .123) (1 .125) (1 .126) (1 .128) ( l . l X ) 
0-7 1.124 1.126 1.127 1.129 1.130 1.132 
(1 .124) (1 .125) (1 .127) (1 .129) (1 .130) (1.132) 
0 . 8 1.124 1.126 1.128 1.129 
(1 .126) (1 .127) (1 .129) (1 .130) 
1.131 
(1 .132) 
Contd. 
1.132 
( 1 . 1 3 3 , 
9'J 
T(/0 :308.15 313.15 318.15 323.15 328.15 333.15 
X 
0 .9 1.127 1.128 1.130 1.131 1.133 1.134 
(1 .126) (1 .127) (1 .129) (1 .131) (1 .132) (1 .134) 
1.0 1.127 1.129 1.130 1.132 1.134 1.135 
V^->i^x v a l u e s are given w i t h i n p a r e n t h e s e s 
TABLE 4 . 3 : PARAMHTnR \jl FOR [x NaSCN + ( l - x ) KSCN] + RHgC 
(R = 4 to 7) SYSTEMS: 
X 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 .8 
0 . 9 
1.0 
R = 4 
f 
0.000 
0 .028 
0.136 
0.244 
0 .352 
0.460 
0.568 
0.67 6 
0.784 
0.892 
1.000 
R = 5 
1 
0.000 
0.036 
0.143 
0.250 
0.357 
0.464 
0.572 
0.679 
0.786 
0.893 
1.000 
R = 6 
t 
0.000 
0.031 
0.139 
0.246 
0.354 
0.462 
0.569 
0.677 
0.785 
0.892 
1.000 
R - 7 
^ 
o.ooc 
0.035 
0.142 
0.249 
0.356 
0.463 
0.571 
0.678 
0.785 
0.893 
1.000 
Q'-i 
TABLE 4 , 4 : PARAMHTER 0 FOR [x NaSCN + ( l - x ) KSCN] + RH2O 
(R = 4 to 7) SYSTEMS: 
X 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 .8 
0 . 9 
1.0 
R = 4 
9 
0.000 
0.053 
0.158 
0.263 
0.369 
0.474 
0.579 
0.684 
0 .790 
0.895 
1.000 
R = 5 
9 
0.000 
0.058 
0.162 
0.267 
0.372 
0.477 
0 .581 
0.686 
0 .791 
0.895 
1.000 
R = 6 
9 
0.000 
0.055 
0.160 
0.265 
0.370 
0.475 
0.580 
0.685 
0.790 
0.895 
1.000 
R = 7 
9 
COCO 
0.058 
0.161 
0.267 
0.371 
0.476 
0.581 
0.686 
0.790 
0.895 
1.000 
: ^6 
TABLE 4 . 5 : FLCRY'3 INTERACTION PARAMcT£R (X^2 ^ ^0~^, dyne cm"'') 
FCR THE TERNARY AQUEOUS SOLUTIONS OF MIXED MOLTEN 
ELECTROLYTES. 
T(K) 308.15 313.15 318.15 323.15 
R 
7 
1.079 
1.C39 
0 .389 
0 .741 
1.026 
0 .886 
0 .719 
1.032 
1.022 
0 .873 
0 .711 
0.857 
0.702 
TABLH 4 . 6 : H£UUCSD T£MPEKATURH f OF [ X NaSCN + ( 1 - x ) .C5CN] fRHoC 
(R = 4 to 7) SYSTEMS: 
T(K) 
0 
0 
0 
0 
0 
c 
1 
0 
0 
0 
0, 
0 , 
0 . 
1 . 
0 . 
c. 
c. 
0 . 
X 
.0 
. 1 
. 3 
. 5 
. 7 
.9 
.0 
. 0 
. 1 
. 3 
.5 
.7 
,9 
.0 
0 
1 
3 
5 
308.15 
0.0317 
0.0 316 
0.0316 
0.0 322 
0.0329 
0.0343 
0.0343 
0.0319 
0.0325 
0.0327 
0.0325 
0.0336 
0.0338 
0.0347 
0.0320 
0.0328 
0.0333 
0.0346 
313.15 318.15 
a = 4-
0.0320 
0.0320 
0.0320 
0.0325 
0.0332 
0.0347 
0.0346 
R = 5 
0.0322 
0.0328 
0.0331 
0.0329 
0.0339 
0 .0342 
0.0350 
R = 6 
0.0324 
0.0331 
0.0336 
0.0349 
0.0 324 
0.0323 
0.0323 
0.0328 
0.0336 
0.0350 
0.0350 
0.0325 
0.0332 
0.0334 
0.0332 
0.0343 
0.0345 
0.0354 
0.0327 
0.0334 
0.0340 
0.0353 
323.15 
0.0 327 
0.0327 
0.0326 
0.0331 
0.0339 
0.0354 
0.0353 
0.0 329 
0.0335 
0.0338 
0.0336 
0.0346 
0.0349 
0.0357 
0.0331 
0.0338 
0.0343 
0.0356 
:ontd 
T ( K ) 
X 
0 . 7 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 3 
0 . 5 
0.7 
0 . 9 
1.0 
30S.15 
0.0347 
0.0351 
0.w 345 
0.0324 
0.0329 
0.0337 
0.0344 
0.0341 
0.0346 
0.0347 
313.15 
0.0351 
0.0355 
0.0349 
R = 7 
0.0328 
0.0333 
0.0340 
0.0347 
0.0344 
0.0349 
0.0351 
318.15 
0.0354 
0.0358 
0.0353 
0.0331 
0.0336 
0.0344 
0.0350 
0.0347 
0.0353 
0.0354 
323.15 
0.0358 
0.0362 
0.0356 
0.0335 
0.0339 
0.0347 
0.0353 
0.0350 
0.0356 
0.035 8 
core volume for the binary and the ternary so lu t ions ca lcula-
ted using equat ions (3.3) and ( 3 . 1 2 ) , r e spec t i ve ly , l i s t e d in 
Table 4.7 are found to increase with increase in temperature 
and decrease with increase in the concentrat ion of sodium 
thiocyanate . HovN/ever, the values of V have been found to 
decrease v«ith increase in the value of R. 
The values of the c h a r a c t e r i s t i c p ressure , P , of cinarv 
and ternary so lu t ions ( ca lcu la ted using equations (3.3) and 
(3.13) respectively.) l i s t e d in Table 4.8 reveal tha t the Vrlue 
of P increases with increase in the mole f rac t ion of sodiurr 
thiocyanate and decrease with increase in the R value. 
The values of c h a r a c t e r i s t i c temperature, T , of binarv 
and ternary so lu t ions ca lcu la ted using equations (3.5) and 
(3 .14 ) , r e spec t i ve ly , (Table 4.9) are found to increase with 
increase in temperature and decrease with increase in the con-
cen t ra t ion of sodium thiocyanate as well as "/ith increase in 
the R va lue . 
The experimental values of the excess volume and tho-e 
of the computed values obtained using equation (3.23) for th-^  
ternary so lu t ion (Table 4.10) shov^  reasonably good agreement 
with each o t h e r . 
S imi lar ly the experimental and the computed v i s c o s i t i e s 
( ca lcu la ted using equations (3.29) and (3.30)) of these ter-iary 
solut ions (Table 4.11) show reasonable agreement with each 
o the r . 
: i f i. 
TABLE 4 . 7 : CHARACTERISTIC VOLUME (V*, cc mol"''-) OF 
[x NaSCN + ( 1 - x ) KSCN] + RH2O (R = 4 t o 7) 
SYSTEMS: 
T(K) 
X 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
C o 
0 . 7 
0 . 8 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
3 0 8 . 1 5 
2 3 . 0 5 4 
2 2 . 8 8 3 
2 2 . 7 1 1 
2 2 . 5 4 0 
2 2 . 3 6 9 
2 2 . 1 9 8 
2 2 . 0 2 7 
2 1 . 8 5 6 
2 1 . 6 8 5 
21 .514 
2 1 . 3 4 3 
2 1 . 9 0 6 
2 1 . 7 5 9 
2 1 . 6 1 3 
2 1 . 4 6 7 
2 1 . 3 2 1 
2 1 . 1 7 5 
3 1 3 . 1 5 
2 3 . 0 8 4 
2 2 . 9 1 4 
2 2 . 7 4 3 
2 2 . 5 7 2 
2 2 . 4 0 2 
2 2 . 2 3 1 
2 2 . 0 6 0 
2 1 . 8 9 0 
2 1 . 7 1 9 
2 1 . 5 4 8 
2 1 . 3 7 8 
2 1 . 9 3 5 
2 1 . 7 8 9 
2 1 . 6 4 4 
2 1 . 4 9 8 
21 .35 3 
2 1 . 2 0 7 
3 1 8 . 1 5 
R = 4 
2 3 . 1 1 5 
2 2 . 9 4 5 
2 2 . 7 7 5 
2 2 . 6 0 5 
2 2 . 4 3 4 
2 2 . 2 6 4 
2 2 . 0 9 4 
2 1 . 9 2 4 
2 1 . 7 5 4 
2 1 . 5 8 3 
2 1 . 4 1 3 
R = 5 
2 1 . 9 6 5 
2 1 . 8 2 0 
2 1 . 6 7 5 
2 1 . 5 3 0 
2 1 . 3 8 5 
2 1 . 2 4 0 
3 2 3 . 1 5 
2 3 . 1 4 7 
2 2 . 9 7 7 
2 2 . 8 0 7 
2 2 . 6 3 7 
2 2 . 4 6 8 
2 2 . 'og 
2 2 . 1 2 s 
2 1 . 9 5 8 
2 1 . 7 8 9 
2 1 . 6 1 9 
2 1 . 4 4 9 
2 1 . 9 9 5 
2 1 . 8 5 1 
2 1 . 7 0 6 
2 1 . 5 6 2 
2 1 . 4 1 7 
2 1 . 2 7 3 
Con 
3 2 8 . 1 5 
2 3 . 1 7 8 
2 3 . 0 0 9 
2 2 . 8 4 0 
2 2 . 6 7 1 
2 2 . 5 0 1 
2 2 . 3 3 2 
2 2 . 1 6 3 
21 .994 
2 1 . 8 2 4 
2 1 . 6 5 5 
2 1 . 4 8 6 
2 2 . 0 2 6 
2 1 . 8 8 2 
2 1 . 7 3 8 
2 1 . 5 9 4 
2 1 . 4 5 0 
2 1 . X 6 
^33.1^: 
2 3 . 2 1 1 
2 3.042 
2 ; . 8 -73 
2 2.70-^ 
2 2 . 5 3 6 
^ ^  "-
2 •:. I -^  6 
2:>.C29 
21.86C 
21 .692 
21 .522 
2 2 . 0 5 7 
2 1 . 9 1 3 
2 1 . 7 7 0 
21 .627 
2 1 . 4 8 3 
21 .340 
T(K) 308.15 313.15 318.15 323.15 328.15 333.1 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 . 0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 . 0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
21 .029 
2 0 . 8 8 3 
2 0 . 7 3 7 
2 0 . 5 9 1 
2 0 . 4 4 5 
21 .032 
2 0 . 8 8 2 
2 0 . 7 3 2 
2 0 . 5 8 2 
2 0 . 4 3 2 
2 0 . 2 8 2 
20 .132 
1 9 . 9 8 3 
1 9 . 8 3 3 
1 9 . 6 8 3 
1 9 . 5 5 3 
2 0 . 5 2 8 
2 0 . 3 8 8 
2 0 . 2 4 8 
2 0 . 1 0 9 
1 9 . 9 6 9 
2 1 . 0 6 2 
2 0 . 9 1 6 
2 0 . 7 7 0 
2 0 . 6 2 5 
2 0 . 4 7 9 
21 .060 
2 0 . 9 1 1 
2 0 . 7 6 1 
2 0 . 6 1 2 
2 0 . 4 6 2 
2 0 . 3 1 3 
2 0 . 1 6 4 
2 0 . 0 1 4 
1 9 . 8 6 5 
1 9 . 7 1 5 
19 .566 
2 0 . 5 5 7 
2 0 . 4 1 7 
2 0 . 2 7 8 
20 .139 
1 9 . 9 9 9 
2 1 . 0 9 5 
2 0 . 9 5 0 
20 .805 
20 .660 
2 0 . 5 1 5 
R = 6 
2 1 . 0 8 9 
2 0 . 9 4 0 
2 0 . 7 9 1 
20 .642 
2 0 . 4 9 3 
20 .344 
2 0 . 1 9 5 
2 0 . 0 4 6 
1 9 . 8 9 7 
1 9 . 7 4 8 
1 9 . 5 9 9 
R = 7 
2 0 . 5 8 6 
2 0 . 4 4 7 
2 0 . 3 0 8 
2 0 . 1 6 9 
2 0 . 0 3 0 
2 1 . 1 2 8 
2 0 . 9 8 4 
2 0 . 8 3 9 
2 0 . 6 9 5 
2 0 . 5 5 0 
2 1 . 1 1 9 
2 0 . 9 7 0 
2 0 . 8 2 2 
2 0 . 6 7 3 
2 0 . 5 2 4 
20 .376 
2 0 . 2 2 7 
2 0 . 0 7 9 
1 9 . 9 3 0 
1 9 . 7 8 1 
1 9 . 6 3 3 
2 0 . 6 1 6 
2 0 . 4 7 7 
2 0 . 3 3 9 
2 0 . 2 0 0 
2 0 . 0 6 1 
2 1 . 1 6 2 
2 1 . 0 1 8 
2 0 . 8 7 4 
20.7,30 
2 0 . 5 8 7 
2 1 . 1 4 9 
2 1 . 0 0 1 
2 0 . 8 5 2 
2 0 . 7 0 4 
2 0 . 5 5 6 
2 0 . 4 0 8 
2 0 . 2 6 0 
2 0 . 1 1 2 
1 9 . 9 6 3 
1 9 . 8 1 5 
1 9 . 6 6 7 
2 0 . 6 4 6 
2 0 . 5 0 8 
20 .370 
2 0 . 2 31 
2 0 . 0 9 3 
21 .l--'7 
^•1.05 3 
20.^^10 
20 ."ff 
20.0.'^ 
21 .172 
n-ci 
2 0 . 8 8 4 
20 .736 
20.'TSa 
2 0 . "40 
zC). J 9 1 
2 0 . 1 4 5 
19 .297 
19.85C 
J 9 .702 
20 .6 7 7 
2C . 5 39 
2C .^Cl 
2 0 . 2 6 3 
2 0 . 1 -^ 5 
IC 
T(K) 
X 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 .0 
308.15 
19.829 
19.689 
19.549 
19.410 
19.270 
19.130 
313.15 
19.860 
19.721 
19.581 
19.441 
19.302 
19.163 
318.15 
19.891 
19.752 
19.613 
19.474 
19.335 
19.196 
323.15 
19.923 
19.784 
19.645 
19.507 
19.368 
19.229 
328.15 
19.955 
19.816 
19.678 
19.540 
19.401 
19.263 
33-5.15 
19.987 
I9.S---^ 
19.711 
19.::-^3 
19.^no 
19.298 
: 1 0 :> 
TABLE 4 . 8 : CHARACTEFUSTIC PRESSURE (P* x lO"-'-^, dyne cm"""") 
OF THE SYSTEM: [x NaSCN + (l-x)rCSCN]+ RH2O AT 
3 0 8 . 1 5 K . 
0 . 0 0 . 1 0 . 3 0 . 5 0 . 7 0 . 9 1.0 
4 0.3639 0.3830 0.3995 0.4068 0.4542 0.4792 0.4891 
5 0.3544 0.3704 0.3918 0.4241 0.4375 0.4588 0.4767 
6 0.3497 0.3597 0.3773 0.3994 0.4245 0.4471 0.460? 
7 0.3492 0.3448 0.3675 0.3738 0.3970 0.4274 0.4491 
104 
TABLE 4 . 9 : CHi^i^ACTERISTIC TEMPERATURE (T , I<) OF THE SYSTEM: 
[x NaSCN + ( 1 - x ) KSCN] + RH2O (R = 4 to 7) . 
T(K) 
X 
C O 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 .8 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 .2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 .8 
X 8 . 1 5 
9721.99 
9685.46 
9555.89 
9443.64 
9388.10 
9262.67 
9230.36 
9128.88 
9101.13 
9032.42 
8995.82 
9674.83 
9624.76 
9508.78 
9368.71 
9299.75 
9175.56 
9130.47 
9031.02 
8993.65 
313.15 
R 
9774.02 
9737.16 
9607.87 
9495.81 
9440.39 
9315.02 
9282.73 
9181.24 
9153.47 
9084.68 
9048.02 
R 
9726.86 
9676.83 
9560.79 
9422.83 
9352.10 
9230.19 
9182.92 
9085.16 
9046 .04 
318.15 
= 4 
9826.08 
9789.75 
9663.49 
9553.27 
9429.71 
9373.58 
9335.15 
9238.45 
9205.83 
9138.88 
9100.26 
= 5 
9778.92 
9728.79 
9612.83 
9476.32 
9404.50 
9284.09 
9235.4 
9138.74 
9098.49 
Contd . 
323.15 
9878.17 
9841.56 
9715.50 
9605.45 
9545.06 
9425.94 
9387.59 
9290.83 
9258.24 
9191.20 
9152.52 
9831.02 
9780.56 
9664.91 
9528.79 
9456.91 
9336.80 
9287.94 
9191.41 
9150.94 
105 
T(K) 
X 
0 . 9 
1.0 
0 .0 
C . l 
0 . 2 
C'. 3 
0 . 4 
0 . 5 
0 .6 
0 . 7 
0 . 8 
0 . 9 
1.0 
0 . 0 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
308 .15 
8 9 2 4 . 8 3 
8 8 8 3 . 6 8 
9616 ,26 
9 5 7 8 . 9 8 
9 4 7 5 . 8 7 
9355 .36 
9 2 9 1 . 5 9 
9 1 8 4 . 0 8 
9 1 4 0 . 9 6 
9 0 5 4 . 1 1 
9 0 1 8 . 1 6 
8 9 5 7 . 3 1 
8919 .38 
9 4 9 7 . 9 3 
9 4 6 2 . 6 2 
9 3 7 3 . 7 8 
9 2 6 9 . 8 2 
9212 .35 
9 1 1 8 . 9 7 
9 0 7 8 . 4 8 
9 0 0 1 . 9 7 
313 .15 
8977 .82 
8 9 3 5 . 9 0 
R = 6 
9 6 6 8 . 3 2 
9 6 3 0 . 9 6 
9527 .89 
9 4 0 8 . 6 6 
9 3 4 3 . 8 8 
9 2 3 7 . 7 4 
9 1 9 3 . 3 4 
9107 .50 
9070 .49 
9009 .99 
8971 .59 
R = 7 
9 5 5 0 . 0 3 
9514 .96 
9425 .85 
9324 .35 
9264 .65 
9 1 7 4 . 0 6 
9130 .85 
9056 .50 
318 .15 
90 3 0 . 6 1 
8988 .18 
9 7 2 0 . 4 1 
9683 .08 
9579 .95 
9462 .66 
9 396 .21 
92.92.24 
9245 .76 
9161 .56 
9122 .89 
9062 .98 
9023 .86 
9602 .15 
9 5 6 7 . 2 2 
9477 .96 
9378 .40 
9316 .97 
9228 .60 
9183 .25 
9110 .60 
C o n t d . 
323 .15 
9083 .05 
9 0 4 0 . 4 6 
9772 .50 
9 7 3 5 . 2 3 
9 6 3 2 . 0 1 
9 5 1 6 . 7 6 
9448 .55 
9 346 .86 
9298 .19 
9 2 1 5 . 7 1 
9175 .28 
9116 .00 
9 0 7 6 . 1 2 
9654 .26 
9619 .26 
95 30 .05 
9 4 3 1 . 3 6 
9 369 .29 
9281 .85 
92 35 .65 
9163 .69 
IC6 
T ( K ) 
X 
0 . 8 
0.9 
1 .0 
308.15 
8967.83 
8912.69 
8876.90 
313.15 
9020.17 
8965.85 
8929.16 
318.15 
9072.54 
9018.85 
8981.43 
323.15 
9124.92 
9071 .46 
9033.72 
TABLE 4 . 1 0 : EXPERIMENTAL AND COMPUTED VALUES OF EXCESS VOLUME 
(V^, c c . mol"-'-) OF [ x NaSCN + ( l - x ) .CSCN] - RH.,0 
(R = 4 t o 7) SYSTEMS: 
T(i<) 3 0 8 . 1 5 3 1 3 . 1 5 3 1 8 . 1 5 3 2 3 . 1 5 3 2 8 . 1 5 333 .15 
X 
^ — - ^ 
0.1 -0.0162 -0.0153 -0.0144 -0.0135 -0.0127 -CClld 
(-0.0330) (-C.(i3.'^) (-0.0315) (-0.0308) (-0.0300) (-C .f.? 5 • ' 
0.2 - 0.0230 -0.0219 -0.0207 -0.0195 -0.0184 -O.C, I?? 
. (-C.0364) (-0.0353) (-0.0342) -(0.0332) (-0.0321) (-0.C3K) 
0.3 -0.0700 - 0.0702 - 0.0704 -0.0706 -0.0708 -CC'IC 
(-0.0803) (-0.0805) (-0.0808) (-0.0810) (-0.0813) (-CrSiS: 
0.4 -0.1013 -0.1013 -0.1013 -0.1013 -0.1013 -C .U 1 3 
(-0.1088) (-0.1088) (-0.1089) (-0.1089) (-0.1090) {-C.icn-
0.5 -0.0711 -0.0732 -0.0753 -0.0775 -0.0797 -C..)>, J 
(-0.0763) (-0.0785) (-0.0806) (-0.0828) (-0.0850) (-0.0873) 
0.6 -0 .1052 -0 .1049 -0 .1046 -0 .1043 -0 .1039 -0 .10 3-
(-0.1085) (-0.1083) (-0.1080) (-0.1077) (-0.1073) (-0.1070) 
0.7 -0.0533 -0.0530 -0.0526 -0.0^-^^ -0.0519 -O.C5i& 
(-0.0552) (-0.0549) (-0.0545) (-0.0542) (-0.0539) (-0.05^6' 
0.8 -0.0580 -0.0590 -0.0601 -0.0612 -0.0623 -0 .Co'U 
(-0.0588) (-0.0599) (-0.0609) (-0.0620) (-0.0631) (-0.064r 
c ontd 
: i.L 
T(.0 308.15 313.15 318.15 
323.15 328.15 333.15 
0-9 0.C342 0.0348 0.0354 0.0360 0.0356 0 . C 3 - - ' 
(C.0340) (0.C346) {0 .03W) (C.0358) (c .0364) ( c . C T T 
R = 5 
0 . 1 C.0502 0.C511 0.0520 O.C529 0.0538 C.C54. 
(0 .0343) (0 .0351) (0 .0359) (0.0367) (0.0375) (O.C36.) 
0 - ; -C.C042 -0.C026 -O.OCIO O.00C7 0 .002^ c . . r . f 
( -0 .0168) (-C.C152) ( -0 .0137) ( -0 .0121) (-C .0105) ( -O. . , ; : : , ; 
0 . 3 0 .0145 0.0150 0.0155 0.0160 0.0165 c . ( , 7> 
(0.0049) (0.0053) (0 .0058) (0.0062) (0 .0067) ( 0 . 0 0 7 : 
0 . 4 -0 .0581 -0 .0589 -0 .0598 -0 .0607 -0 .0616 - 0 . C 6 - . 
( -0 .0652) ( -0 .0661) ( -0 .0670) ( -0 .0579) ( -0 .0689) ( -C.C60. : 
0 .5 -0 .0646 -0 .0637 -0 .0628 -0 .0619 -0 .0610 
( -0 .0695) ( -0 .0686) ( -0 .0678) ( -0 .0669) ( -0 .0660) v-i 
- 0 . 0 4 8 3 -0 .0486 -0 .0490 - 0 . 0 4 9 3 -0 .0496 -OO^^O 
i -0 .0514) ( -0 .0518) ( -0 .0521) ( -0 .0525) ( -0 .0529) (-c.C:53,:, 
0 . 7 - 0 . 0 1 9 7 -0 .0198 -0 .0198 -0 .0199 -0 .0200 -0 .c >o 
( -0 .0214) ( -0 .0215) ( -0 .0216) ( -0 .0217) ( -0 .0218) ( -0 .0219) 
- 0 .0309 -0 .0316 -0.C324 -0 .0332 - 0 . 0 3 * -C .0348 
( -0 .0316) ( -0 .0324) ( -0 .0332) ( -0 .0340) ( -0 .0348) ( - 0 . 0 ^ 5 5 ' 
C&5:. 
0 . 6 
0 . 8 
Contd 
T(.<) 308.15 313.15 318.15 323.15 328.15 333.] 5 
0 . 9 -0.05C0 -0 .0507 - 0 . 0 5 1 5 - 0 . 0 5 2 3 - 0 . 0 5 3 1 -0.C539 
( -0 .0502) ( -0 .0509) ( -0 .0517) ( -0 .0525) ( -0 .0533) ( -C .05 .1 
0 . 8 
R = 6 
0 . 1 0 .0577 0.0580 0.0582 0.0585 0 .0588 C.C59C 
(0.0432) (0 .0434) (0 ,0436) (0.0437) (0 .0439) (C.C44]} 
0 .2 0.0714 0.0716 0 .0719 C.0721 0 .0723 C.C-^25 
(0.0599) (G.0601) (0 .0603) (0.0604) (0 .0606) (0.C6CB) 
0 . 3 0.0548 0.0547 0.0546 0.0545 0.0544 0.C543 
(0.0460) (0 .0459) (0 .0457) (C.0456) (0 .0455) ( C . O ^ D O ) 
0 .4 0 .2002 0.2020 0.2037 0.2056 0 .2074 C.2C92 
(0.1937) (0 .1955) (0 .1972) (C.1990) (0 .2008) (0 .2026; 
0 . 5 0.1261 0 .1265 0.1269 0 .1273 0 .1277 C. l ; -? ! 
(0.1216) (C.1220) (0 .1223) (0.1228) (0 .1231) ( 0 . 1 / ^ 5 ) 
0 . 6 0.1656 C.1661 0.1666 0.1671 0 .1676 Clo^?! 
(C.1627) (0 .1632) (0 .1637) (0.1642) (0 .1647) (0.16^02: 
0 . 7 0.0864 0.0863 0.0872 c.0877 c .0881 c .0885 
(0.0847) (0.0852) (0 .0856) (0.O86O) (C.0866) (C.0869; 
0.0904 0 .0908 0.0911 0.0915 0 .0918 C.0922 
(0 .0897) (0 .0901) (0 .0904) (0.0907) (0 .0911) (0.0914) 
Contd 
I K 
T(K) :X)8.15 313.15 318.15 '323.15 32^71^ ^ ^ ^ 7 ^ 
0 . 9 0 .0738 0 .0741 0.0745 0.0748 0.0752 0.0756 
(0.0736) (0 .0740) (0 .0743) (0.0747) (0 .0750) (0.0754) 
R = 7 
0 . 1 0.0372 0 .0358 0.0344 0.0330 0 .0315 0.03CI 
(0 .0250) (0 .0235) (0 .0220) (C.0205) (0 .0190) (O.C174^ 
0.2 0.0686 0.0678 0.0670 0.0662 0.0653 C.0o45 
(0.0589) (0 .0581) (0 .0572) (0.0563) (0.0554) (0.0545) 
0 . 3 0 .0593 0.0586 0.0579 0.0572 0 .0564 0 .C55-
(0.0519) (0 .0511) (0 .0504) (0.0496) (0 .0488) (O.O^SC) 
0 .4 0.0990 0.0990 0.0990 0.0989 0.0989 0.0986 
(0.0936) (0.0935) (0 .0934) (0.0934) (0.0933) (0.0932) 
0 .5 0.076Q 0.0749 0.0728 0.0708 0.0687 C.Oo65 
(0.0731) (0 .0711) (0 .0690) (0.0669) (0.0648) (C.On 6: 
0 . 6 0 . 0 2 6 - C.0256 0.0245 0.0234 0 .0223 0.0:::12 
(0 .0243) (0 .0232) (0 .0208) (0 .02lO) (0 .0198) (0.0187) 
0 . 7 0 .0053 0 .0033 0 .0012 -0 .0009 -0 .0030 -0 .0052 
(0 .0039) (0 .0019) ( -0 .0002) ( -0 .0023) ( -0 .0044) (-O.OO06) 
0 . 8 -0 .0116 - 0 . 0 1 1 1 -0 .0106 -0 .0101 - 0 . 0 0 9 6 -O OCQl 
( -0 .0122) ( -0 .0117) ( -0 .0113) ( -0 .0107) ( -0 .0102) ( -0 .00 -7 ) 
0 . 9 0.0090 0 .0081 0 .0071 0 .0061 0 .0051 O.C-O^i 
^ 0 _ . 0 0 8 9 ^ _ ^ C . C O 7 9 ^ _ _ ( £ ^ 0 ) (O.OO6O) (0 .0050) (0.0040) 
* ^experimental Values are given w i u n 7 [ ~ ^ r Q n t h e s e s ; 
TABLE 4 . 1 1 : CCMPARISON OF SXPERIMENTAL AND COMPUTED VISCOSITY 
(^ X 10"^, Ns m"^) OF 
(R = 4 to 7) SYSTEMS: 
[ x r^aSCN + ( l - x ) KSCN] + RH2t 
T ( . 0 3 0 8 . 1 5 3 1 3 . 1 5 3 1 8 . 1 5 32 3 .15 3:!8.15 3 33.1,5 
X 
R = 4 
0 . 0 1.415 1 .310 1 .237 1.156 1 . 0 7 5 1.C2' 
0 . 1 1.552 1.449 1 .332 1 .245 1.154 1.081 
( 1 . 1 5 3 ) * ( 1 . 0 6 9 ) ( 1 . 0 1 3 ) ( 0 . 9 4 5 ) ( 0 . 9 6 2 ) ( C . n 3 
0 . 2 1.689 1 .496 1 .389 1 .275 1 .191 1 . IC^ 
( 1 . 0 3 9 ) ( 0 . 9 5 1 ) ( 0 . 9 1 5 ) ( 0 . 8 4 9 ) ( 0 . 9 2 6 ) (C. : i74j 
0 . 3 1.819 1 .703 1 .528 1.420 1 .328 1.:: . 'L 
( 1 . 1 1 5 ) ( 1 . 0 1 4 ) ( 0 . 9 7 6 ) ( 0 . 9 0 1 ) ( 1 . 0 2 8 ) ( C Q ^ l ) 
0 . 4 1.990 1 .778 1 .634 1 .516 1 .400 1.^94 
( 1 . 4 8 1 ) ( 1 . 3 4 0 ) ( 1 . 2 3 5 ) ( 1 . 1 3 8 ) ( 1 . 0 4 4 ) (0 .^ ' 73 = 
0 . 5 2 . 1 9 2 1.969 1 .763 1.645 1 .492 1.3Bb 
( 1 . 4 2 7 ) ( 1 . 2 8 0 ) ( 1 . 2 2 3 ) ( 1 . 1 1 9 ) ( 1 . 3 1 4 ) ( 1 . : ' 1 5 ; 
0 . 6 2 . 4 2 0 2 . 1 9 1 1 .976 1 .810 1 .659 1 .553 
( 1 . 7 3 4 ) ( 1 . 5 5 2 ) ( 1 . 4 1 6 ) ( 1 . 2 9 5 ) ( 1 . 1 8 2 ) (1 .C89) 
0 . 7 2 . 6 5 9 2 . 3 0 1 2 . 0 6 9 1.796 1 .695 1.579 
( 1 . 5 5 7 ) ( 1 . 3 8 6 ) ( 1 . 3 0 3 ) ( 1 . 1 8 8 ) ( 1 . 3 2 5 ) ( 1 . 2 6 1 ) 
Contd 
• 1 
T(K) 308 .15 3 1 3 . 1 5 3 1 8 . 1 5 3 2 3 . 1 5 3 2 8 . 1 5 333 .15 
0 . 8 2 . 9 2 2 2 . 6 4 1 2 . 2 8 9 2 . IOC 1 .901 ] .''^'^ 
( 2 . 5 7 2 ) ( 2 . 2 7 4 ) ( 2 . 0 4 8 ) ( 1 . 8 5 8 ) ( 1 . 6 8 3 ) (1 .53 '^) 
0 . 9 3 .217 2 . 8 4 2 2 . 5 2 1 2 . 2 7 0 2 . 0 4 8 1.85C 
( 2 . 4 9 0 ) ( 2 . 1 9 4 ) ( 1 . 9 9 9 ) ( 1 . 8 1 0 ) ( 1 . 7 9 0 ) ( 1 . 6 2 4 ) 
1.0 
0 . 0 
3.487 
1.157 
3 . 0 5 6 
1 .077 
2 . 7 2 5 
R = 5 
1 .008 
2 . 4 5 9 
0 . 9 4 5 
2 . 2 1 8 
0 . 3 8 5 
2.0C2 
0 .834 
0 . 1 1 .223 1 .173 1 .056 0 . 9 6 6 0 . 9 2 3 C.8E5 
( 0 . 9 5 1 ) ( 0 . 8 8 6 ) ( 0 . 8 3 0 ) ( 0 . 7 7 7 ) ( 0 . 7 8 9 ) ( C . 7 4 ] ) 
0 . 2 1 .290 1 .193 1 .129 0 . 9 8 9 0 . 8 5 1 C.916 
( 0 . 9 2 7 ) ( 0 . 8 5 7 ) ( 0 . 7 9 8 ) ( 0 . 7 4 5 ) ( 0 . 6 2 8 ) (C.65S) 
0 . 3 1 .344 1 .215 1 .187 1 .101 0 . 9 6 3 C.9'-'9 
( 0 . 8 5 7 ) ( 0 . 7 9 6 ) ( 0 . 7 4 4 ) ( 0 . 6 9 2 ) ( 0 . 7 6 5 ) ( 0 . 7 1 1 ) 
0 . 4 1 .423 1 .298 1 .209 1.130 1 .055 1.CC1 
( 1 . 1 5 9 ) ( 1 . 0 5 7 ) ( 0 . 9 7 7 ) ( 0 . 9 0 3 ) ( 0 . 8 5 6 ) (C.771} 
0 . 5 1 .483 1 .357 1 .246 1 .203 1 .142 1.124 
( 0 . 8 5 9 ) ( 0 . 7 9 3 ) ( 0 . 7 3 9 ) ( 0 . 6 8 3 ) ( 0 . 7 8 2 ) ( C T ^ l ) 
0 . 6 1 .584 1 .395 1 .281 1 .253 1 .184 1.162 
( 1 . 2 6 5 ) ( 1 . 1 4 4 ) ( 1 . 0 5 2 ) ( 0 . 9 6 7 ) ( 0 . 9 2 5 ) (C . i :4 - ) 
Contd 
T(K) 308 .15 3 1 3 . 1 5 3 1 8 . 1 5 
0 . 7 
0 . 8 
0 .9 
1.0 
C O 
0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
323 .15 3 2 8 . 1 5 -^33.] 
1.721 
( 1 . 1 6 7 ) 
± 
( 1 
( 1 . 
. O ^ J 
.659) 
.048 
.792) 
2 . 2 0 5 
1 .053 
0.969 
(0 .958) 
1 .123 
1 .224 
1 
(c 
1, 
( 0 . 
. 307 
.966) 
.352 
.954) 
1 .530 1 .414 
( 1 . 0 6 2 ) ( 0 . 9 8 2 ) 
1 .698 1 .512 
( 1 . 4 8 5 ) ( 1 . 3 5 8 ) 
1 .849 1 .688 
1.958 
0.979 
0.960 
1.785 
R = 6 
0 . 9 1 1 
0 . 9 5 2 
1 .622 
0.862 
1 .576 
0.809 
1.115 1 .027 0.956 0.920 
i . i : 
1 .289 1.252 1.187 
( 0 . 9 0 2 ) ( 1 . 0 0 7 ) ( 0 . 9 1 9 ) 
1 .345 1 .376 1.249 
( 1 . 2 4 1 ) ( 1 . 1 9 5 ) ( 1 . 0 8 4 ) 
1 .538 1 .510 1.159 
( 1 . 6 0 5 ) ( 1 . 4 7 0 ) ( 1 . 3 4 0 ) ( 1 . 3 8 1 ) ( 1 . . 4 : ) 
1 .134 1 .065 
1 .^18 
C' . 7 6 '< 
0 . 9 0 0 0 . 8 4 7 C.SCl 
( 0 . 8 8 7 ) ( 0 . 8 2 3 ) ( 0 . 7 8 0 ) ( 0 . 7 6 2 ) (C .717 . 
1 .022 0.991 0.932 0.873 0.8:^9 
(1 .002) (0 .919) (0 .844) (0 .793) (0 .742) (c .697) 
( 0 . 9 1 6 ) ( 0 . 8 4 0 ) ( C . 7 7 4 ) ( 0 . 7 3 3 ) ( C . 7 6 7 ) ( o . n s ! : 
1 .029 0 . 9 7 7 0 . 9 3 8 0 . 8 6 5 
( 0 . 8 7 7 ) ( 0 . 7 9 5 ) ( 0 . 7 4 5 ) ( 0 . 6 9 5 ) ( C . 6 5 i : 
1 .098 1 .007 0 . 9 3 1 
( 0 . 8 6 5 ) ( 0 . 7 8 7 ) ( 0 . 7 4 4 ) ( 0 . 7 9 2 ) {C ."^'^9' 
Contd 
: 1 14 : 
T(K) 
X 
0 . 6 
0 . 7 
0 . 8 
C .9 
1.0 
0 . 2 
0 . 3 
0 . 4 
308 .15 
1 .463 
1 .722 
1 .863 
2 . 0 1 0 
3 1 3 . 1 5 
1 .024 
1 .044 
1.061 
3 1 8 . 1 5 3 2 3 . 1 5 3 2 8 . 1 5 
1 .249 1 .147 
1 .504 
1.605 
1.755 
0 . 0 
0 . 1 
0 . 9 1 7 
0 . 9 6 4 
( 0 . 9 9 0 ) 
0 . 8 5 4 
0 . 8 9 5 
( 0 . 9 2 2 ) 
1.531 1.411 
R = 7 
0 . 7 9 7 0 . 7 5 2 
0 . 8 3 2 0 . 7 7 5 
( 0 . 8 5 9 ) ( 0 . 8 0 8 ) 
1 .302 
0.706 
3 - ^ 3 . 1 ^ 
0 . 9 6 0 0 . 8 9 8 
C.987 0 . 9 0 9 0 . 8 5 3 0 . 8 2 7 
( 0 . 9 7 2 ) ( 0 . 8 9 5 ) ( 0 . 8 2 4 ) ( 0 . 7 6 7 ) ( 0 . 7 1 5 ) 
1 .107 1.052 i . o c i 
( 1 . 2 1 8 ) ( 1 . 0 8 9 ) ( 0 . 9 7 4 ) ( C . 9 0 6 ) ( 0 . 8 4 1 ) ( 0 . 7 8 4 ) 
1.610 1 .361 1 .208 1 .173 1 .099 1.0^^6 
( 1 . 1 5 3 ) ( 1 . 0 3 1 ) ( 0 . 9 2 5 ) ( 0 . 8 6 8 ) ( 0 . 9 0 0 ) , 'n .xoo^ U' 
1.296 1.218 1 .125 1 .t 8 ^ 
( 1 . 4 7 9 ) ( 1 . 3 0 6 ) ( 1 . 1 5 4 ) ( 1 . 0 6 8 ) ( C . 9 8 8 ) (C.^n>M 
1.4CiO 1.309 1.214 1.130 
( 1 . 6 1 0 ) ( 1 . 4 1 8 ) ( 1 . 2 5 0 ) ( 1 . 1 6 0 ) ( 1 . 1 1 5 ) ( 1 . 0 3 ^ ) 
Contd 
:UD 
c . :6 . 
0 . 7 3 1 C .59" 
( 0 . 7 8 3 ) ( 0 . 7 3 1 ) 
0 . 9 4 9 0 . 8 7 9 0 . 8 2 2 0 . 7 6 8 C . ^ i o 
( 0 . 9 8 6 ) ( 0 . 9 1 2 ) ( 0 . 8 4 4 ) ( 0 . 7 9 0 ) ( 0 . 7 3 8 ) (c .o .^o) 
0 . 8 3 5 0 . 7 9 0 0 . ^ 4 2 
( 0 . 8 8 8 ) ( 0 . 8 2 9 ) ( 0 . 7 7 3 ) ( 0 . 7 2 4 ) ( 0 . 7 3 3 ) ( 0 . o 3 3 ; 
0.':^^;9 
' 0 . 6 o 5 ; 
T(.g 308.15 313.15 318.15 323.15 328.15 333.15 
X 
0 . 5 1.204 1.108 1.015 0 .944 0 .860 0.315 
(1 .063) (0 .987) (0 .915) (0 .851) (0 .869) ( C i C o ) 
0 . 6 1.230 1.134 1.022 0 .986 0 .848 C.82r 
(1 .171) (1 .071) (0 .980) (0 .905) (0 .839) (0.'^7«) 
0 . 7 1.306 1.231 1.126 1.053 0.972 0 . 9 1 ' ' 
(1 .235) (1 .140) (1 .048) (0 .968) (0 .970) (0.^^9^.) 
0 . 8 1.411 1.275 1.168 1.172 1.004 0 . 9 3 : 
(1 .224) (1 .117) (1 .018) (0 .937) (0 .868) (O.RC'^} 
0 . 9 1.504 1.360 1.215 1.190 1.062 l .C4^ 
(1 .478) (1 .350) (1 .230) (1 .128) (1 .077) (C.994) 
1.0 1.631 1.480 1.340 1.226 1.131 1.043 
* The computed v a l u e s ( u s ing F lo ry theory) are g iven wi th in 
p a r e n t h e s e s . 
Thus, the Flory's statistical theory may not only be 
applied successfully to molecular liquids but it may equally 
be good for the aqueous solutions of mixed molten electro-
lyte s as well. 
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